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ABSTRACT

This pilot study examinesthe effects of the frequent cooperative quizzes on
the achievement and class engagement of first year college students enrolled in a
mathematics course. The impact of this teaching and learning strategy is measured by
four unit tests, a final exam, and a students’ survey.
A mixed methods research procedure combines the quantitative data
represented by students’ tests marks and students’ answers in a questionnaire with
qualitative data represented by students’ feelings and perceptions from the survey, and
instructor’s observations.
The results of the study indicate that this teaching approach - frequent
cooperative quizzes - is promising in increasing students’ marks in unit tests and
increasing students’ final marks. However, the study did not perceive a notable
improvement of students’ final exam scores and indicated no change in students’
completion rates. The study also reveals an increased attendance of students to
classes, increased engagement in their learning, and increased student cooperation
and support.

Keywords: frequent quizzes, peer cooperation during quizzes, student achievement,
student engagement, attendance
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Chapter One
Introduction

In Ontario, the Task Force on Competitiveness, Productivity, and Economic
Progress (2009) emphasizes that “the education of the workforce is ... a fundamental
driver of economic growth”, and stresses that the most important key to our economic
future is increasing the proportion of young people receiving post-secondary education
and training (cited in Orpwood et al., 2010, p.8). Related to that, the College
Mathematics Project 2009 funded by the Ontario Ministry of Education and the Ontario
Ministry of Training, Colleges, and Universities quotes a recent federal government
labour market outlook by Lapointe et al. (2006) that concluded that “more than two thirds
of the 1.7 million new non-student jobs created (69.2%) are expected to be in
occupations usually requiring postsecondary education (university or college) or in
management” (cited in Orpwood et al., 2010, p.8). The College Mathematics Project
\

2009 continues by stating that one-third of this growth would require college-level
education and training, and that Mathematics and English Language (and/or French) are
“the most critical foundations for many of these high-skill occupations and for the
training programs that lead to them” (p.8). Mathematics is one of the courses that most
college programs consider a prerequisite for further study. At our College, the
mathematics course that I teach represents the only mathematics course students take
in the technician program. The mathematics content knowledge accumulated during this
course is relied heavily upon in all the subsequent courses in the program. The student
achievement is frequently measured by unit tests and a cumulative final exam; in my
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experience, in the technician program at our College students have difficulties passing
not only the final exam, but individual unit tests as well.
Also, past experience in the technician program at our College has
demonstrated that a large number of students enrolled in such a college mathematics
course lack a thorough preparation for the unit tests. Students who experience failures
by scoring low in their unit tests tend to withdraw from the program before they také the
final exam. Moreover^ the students who are still in the program struggle with the
mathematics content by the time they take the cumulative final exam, and some
students fail the final exam or do not write it at all. As a result, from the total number of
students enrolled in the college mathematics course at the beginning of the school year
at our College, only about 60% of them complete the college mathematics course every
year. The statistical data analysis of the College Mathematics Project 2009 reports that
an average as little as two-thirds (67.8%) of all students taking mathematics in the first
semester in the technology programs at all colleges are passing, and that in the
technician section of the program the average of students passing the mathematics
course is even smaller (65.1%) (Orpwood et al., 2010, p.23).
In their study about pedagogies of engagement, Smith, Sheppard, Johnson,
| and Johnson (2005) present twenty years of research of Pascarella and Terenzini on
1the impact college has on student development, and they conclude that “the greater the
student’s involvement or engagement in academic work or in the academic experience
of college, the greater his or her level of knowledge acquisition and general cognitive
development” (p.88). At our College, opportunities for students to be involved or
engaged in academic work start in class with teaching and learning strategies: group or
individual work, teacher and students questions & answers, and quizzes and tests, and
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continue

outside the class with

paper-based

or computer-based assignments,

homework, tutoring sessions, and individual practice. Also, our College offers a five-day
one-on-one tutoring with experienced teachers within the Learning Centre. Therefore,
there are opportunities for individual practice, understanding, and exploration of
mathematics concepts; however, the research presented further and my experience at
the College suggest that a great number of students are not engaged in their everyday
learning, and therefore, their mathematics achievement is low.
The present research study comes from my aspiration to find ways to engage
students in their mathematics learning, and, hopefully, they perform better both in the
unit tests and in the final exam of the first semester mathematics course.

Objectives of the Study
The main objective of this study is to examine the effects of frequent
cooperative mathematics quizzes on the mathematics achievement of the students in
the technician program at our College. Data necessary for this study comes from two
groups of students: the control and experimental groups. The students in the control
group are given individual unit quizzes, and the ones in the experimental group are
j given frequent cooperative quizzes. Data collected consists of four unit tests and a final
exam from both groups of students, exit surveys for the students in the experimental
group, and my own notes and reflections, as the instructor for both classes.
Also, the study, examines the effect of frequent cooperative quizzes on
students’ engagement in their mathematics learning. The analysis of this objective will
exploit survey’s results and instructor’s own observations. Literature reveals that when
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frequent quizzes are available, students’ mathematics practice time increases (House,
2004; Noland, 2005; Shirvani, 2009). In addition, graded quizzes motivate students to
do the work, because their work “counts” (George, 2010, p.86). Smith et al. (2005) also
emphasize that students learn more when they are more involved in the educational
process.

Peer support, sharing, and collaboration broaden student chances to learn

and practice concepts, and motivate students to focus and perform well in graded
quizzes (Kasturiarachi, 2004; Kramarski & Mevarech, 2003). Considering the above, I
give my students two or three quizzes per week from the current mathematics content,
allow students to work in pairs or groups during quizzes, and make quizzes scores a
part (20%) of students’ final marks.
Kasturiarachi (2004) acknowledges that in our classrooms we have all types
of learners; we as teachers have to “use pedagogical practices that are suitable for all
learners”, and cooperative learning covers many situations (p.57). However, there are
students who prefer to work individually. By making both, cooperative work and
individual work available during quizzes, the number of students actively involved in
their learning increases (Siadat, Musial & Sagher, 2008).
Also, I attempt to make the quizzes cumulative towards the end of each unit
j (before the unit tests), and towards the end of the mathematics course (before the final
' exam). Shirvani indicates that by making the quizzes cumulative, the time students work
with previous notions is increased, such that mathematics concepts are continuously
refreshed and better retained in their long term memory (2009).
Finally, an objective of much importance of the study is to investigate the
effect of frequent cooperative quizzes on students’ class attendance. Astin (1999)
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claims that when students participate in class discussions and interact with their peers
and the teacher they feel they belong to the school community. Moreover, increased
involvement in their school work, increased confidence in their abilities, and teacher and
peer support are at the base of students’ motivation to come to school (Cabrera et al.,
2002; Stearns, 1996). In this study, the* analysis of the effect of frequent cooperative
quizzes on students’ attendance uses quantitative methods and instructor’s own
observations.

,
I begin my study with a research into the education literature related to

frequent assessment and cooperative learning. Further, I carry on an exploratory study
that consists in applying frequent and cooperative quizzes to the students in the
experimental group. Finally, I analyze and report the effects of frequent cooperative
quizzes on these students’ mathematics achievement compared to the achievement of
the students in the control group. I look at quizzes’ influence over unit tests marks, as
unit tests are an important part (45%) of the students’ final mark for the mathematics
course; over the final exam mark, which represents 25% of the total final mark; and over
students’ final marks.
I also observe and report on students’ engagement during mathematics
classes, for which I use my own class observations of students’ behaviours.
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Definitions & Descriptions

Quiz represents a set of a few exercises ( 3 - 4 questions) that students are
expected to complete during class time in a short period of time, usually 10-15 minutes.
Frequent quizzes represent quizzes that students take daily or every second
day, and their marks count for the student’s final grading. Considering mathematics
classes for four days every week, the frequency refers to 2-3 quizzes every week.
However, quizzes are not given to students in the test weeks, as this time is intended to
cover a 2-3 hour review followed by the corresponding unit test (1 hour) or final exam (2
hours).
Cooperative quizzes represent quizzes where students complete their own
paper, but they work together in pairs or small groups (2-3 students, self-selected) to
solve the exercises. These quizzes are marked, and the marks are registered under
individual student’s grades.
Achievement is considered to be the level of performance a student
demonstrates on a test, quiz, assignment, or final exam, represented by a mark, which
is usually a percentage of a total value.
Engagement refers to the “amount of physical and psychological energy that
the student devotes to the academic experience” (Astin, 1999, p.518). In this study,
students’ engagement refers to class attendance and participation in all class activities.
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Chapter Two
Literature Review

This chapter reviews what educational literature reports about the effects of
frequency of testing over students’ learning, the cooperative versus individual learning
and testing, and the theoretical framework that surrounds the construction of
collaborative knowledge. This study’s research questions are formulated here as well.
The literature has documented that student motivation to learn mathematics is
at the base of his or her college success and in particular his or her mathematics
success. George (2010) observes that the students who demonstrate higher motivation
by “consistently attending and engaging in class” have better outcomes in the course
than the students who do not participate in the course (p.84). He argues that students’
regular study and practice of mathematics content is a problem related to motivation,
and just the fact that course exit criteria is in the form of a final cumulative exam does
not motivate students enough to devote time for mathematics daily practice. Also,
Shirvani (2009) argues that the amount of time students engage in doing mathematics
and the frequency of their engagement affect their learning. Students procrastinate in
their learning if there is no testing on a regular basis (Shirvani, 2009). So how can we
motivate students to do the needed work, if none of their in-class or out-of-class work
actually “counts” for their grades?

\
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Graded Student Work
Shirvani (2009) stresses that one important factor that greatly affects student
learning and increases student achievement is an effective assessment strategy (p.34).
George (2010) emphasizes that a disciplined work has to be enforced by homework,
quizzes, and tests that “contribute ... to a student’s final grade", so students are
motivated to learn well before their test or final exam (p.86). Younger & Warrington
(1999) interviewed high school students from Eastern England, who said that they only
worked “if it was assessed work” (p.234). Moreover, Noland’s study on first year college
students enrolled in an algebra course revealed the students did not practice or
complete recommended homework if it was not graded (2005).
However, scattered student work that is graded in the form of unit quizzes,
assignments, or tests does not significantly affect student learning (Shirvani, 2009).
Denham and Liberman (1980) found that in addition to student ability, engagement time
is the, next factor that affects student learning. Marcell (2008) conducted a study in a
college psychology class and concluded that students’ involvement time in their learning
increases if frequent quizzes are in place. Also, Urtel, Bahamonde, Mikesky, Udry, and
Vessel (2006) found that student engagement in classroom discussions improved when
the teacher implemented online daily quizzes.
The next section reviews literature that supports the importance of frequent
assessment on student achievement. The College Mathematics Project 2009 reports
that 68.5% of students enrolled in the first semester technology programs at colleges
are recent high school graduates, therefore I included research on both categories of
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students: high school and first year college students, as their learning patterns are likely
similar (Orpwood et al., 2010, p.20).

Frequent Assessment
The Importance o f Frequent Assessment over Student Achievement
The National Council of Teachers of Mathematics suggests that assessment
should occur in the classroom daily (NCTM, 1991). The notion of frequent testing and Its
effect on student achievement started in the 1920s (Shlrvanl, 2009). The study by
Shlrvanl presents the positive effects of dally assessment on final exam scores of high
school mathematics students.
Marcell (2008) also found that college students who took short dally quizzes
had reduced procrastination in studying concepts and higher course marks than the
students who had longer less frequent quizzes. Klionsky (2008) reports that frequent
quizzes provide a more positive learning outcome, measured by students' performance
in tests, than less frequent or no quizzes.
In his study about adolescent students in Japan, House (2004) reveals that
Increased learning involvement in doing mathematics by increasing mathematics
practice with dally homework served to enhance students’ performance.
In his study comprising four high school geometry classes, Shlrvani (2009)
demonstrated that frequency of testing increased student involvement. In addition, dally
quizzes represented a major factor of student motivation to learn the material.
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Researchers found that students are not involved in regular mathematics
studying and practicing until a test comes at the end of the week or month (George,
2010; Shirvani, 2009). Shirvani (2009) states that infrequent learning encourages
“cramming”, and the mathematical information needed for a unit test, a midterm, or final
exam greatly surpasses the time and aptitude of students to prepare well for them.
Frequent testing improves retention of the material tested. He emphasized that frequent
testing is an important ingredient for mastery of learning
Townsend and Wheatley (1975) studied the influence of frequent testing in
college calculus classes. The study showed that the group of students who had daily
quizzes for 5-10 minutes had the highest achievement in mathematics compared to
other groups of students who had either quizzes every four or five class sessions or who
did not have any quizzes, only unit tests and/or final tests.
Dineen, Taylor, and Stephens (1989) investigated the effect of frequent
testing on high school mathematics students. They found that the students tested daily
consistently outscored the students tested weekly.
However, not all studies reveal positive results of frequent quizzing over
students’ learning performance. Kulik and Kulik (1991) argue that frequent testing might
diminishing return when the number of quizzes is increased, and Grover, Becker,
and Davis (1989) find no significant difference between frequent and infrequent quizzes
in final examination results. Also, Urtel et al. (2006) report no statistically significant
impact of on-line daily quizzes over students’ academic performance.
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Other Effects o f Frequent Testing
Beside the influence of frequent (daily) testing over student achievement
represented by marks on unit tests, midterm exams, or final exams, research
acknowledges other effects of these frequent assessments, which are worthy to be
mentioned.
Peterson and Siadat (2009) observe that frequent testing is more effective
with weaker students. Also, Dinnen, Taylor, and Stephens’ study found that daily
quizzes improved the scores of students who were enrolled in lower level mathematics
courses, but did not significantly improve the scores of students enrolled in upper level
mathematics courses (1989). Moreover, a research study done by Kika, McLaughlin,
and Dixon (1992) found that daily mathematics quizzes given to high school students
contributed to. a.rate ¡of improvement of lower ability students higher than the one of
higher ability students. In addition, George (2010) argues that frequent quizzes are more
beneficial for college students enrolled in remedial mathematics courses, than for the
students in the regular college mathematics courses.

,^

v

Another benefit of frequent testing relates to test anxiety. Shirvani (2009)
asserts that the more frequent short tests are, the less test anxiety students have. Also,
from Peterson and Siadat’s perspective, frequent testing reduces anxiety (2009).
Moreover, they argue that frequent testing improves students’ regular study habits.
A down-side of daily class quizzes observed by Urtel et al., who are
advocates of the on-line quizzes, is that in-class quizzes take away from the
instructional time (2006). However, another researcher, Klionsky, heartily recommends
daily in-class quizzes, and after collecting the quizzes he even browses through them to
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verify students’ understanding and eventual weak points necessary to be reinforced
further in his lectures (2006). He also gives his students some time to check similar
questions in their notes and communicate with their peers. He claims that a great deal of
student learning takes place minutes after the testing as well.
Along similar lines, Zipp (2007) states that “when students discuss and debate
exam answers in small groups, an exam can become an active learning exercise”
(p.63). He brings to everyone’s attention that tests have four purposes: (1) student
grades, (2) milestones for content delivery, (3) increase in student learning, and (4)
increase student motivation to learn. Zipp argues that too many teachers see tests as a
basis for student grading only, and forget that tests themselves are pedagogical
techniques meant to improve both teaching and learning (2007).
What I can draw from the research presented above is that students’
engagement and motivation are essential ingredients in their mathematics learning, and
that in general graded frequent quizzes present a positive influence on student
achievement compared to weekly quizzes or no quizzes. In addition, other factors
influence student achievement, such as student’s own ability, cumulative content versus
current content quizzes, and immediate teacher feedback (George, 2010; House, 2004;
Jones et al., 2003; Shirvani, 2009).
In an

attempt to

improve

student

performance

in

remedial

college

mathematics courses, Sagher and Siadat (1997) considered all the above factors and
developed the Keystone method that is based on rigorous assessment.
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The Keystone Method
The theoretical framework of the Keystone Method is based on the causes of
student failure in mathematics: short attention spans, ignoring homework assignments,
failure to learn from mistakes, passivity in class, poor attendance patterns, low self
esteem, and inattention to teacher’s statements.
The Keystone Method proposes three elements: (1) daily assessment of
students, (2) use of feedback by the teacher, and (3) development of cooperative
learning groups (Sagher & Siadat, 1997). It is a dynamic assessment of student learning
with a short, time-pressured quiz at the beginning of each class. Also, all quizzes are
cumulative. The teacher gives immediate feedback by reviewing the quiz questions and
explaining difficult problems. The teacher also keeps a performance report for the
students to know at any time where they stand.
The Keystone Project was piloted at Daley College in the 1998-1999
academic year and continued to 2003 with more students, teachers, and classes added
each year (Siadat, Musial & Sagher, 2008).
The results of this study show strong student gains in basic algebra,
intermediate algebra, and college algebra classes. Also, Siadat, Musial, and Sagher
report that using short-time pressured tests at the beginning of each class “inculcates
regular and steady study habits, discourages cramming and mitigates test anxiety”
(2008, p.338). The cumulative style of these tests motivates students to frequently
review earlier mathematics content. Also, immediate teacher feedback and repeated
evidence of student success through tests’ scores improve student self-esteem.
Moreover, the cooperative learning and peer tutoring incorporated into teacher’s
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lectures combat passivity, promote collegiality, and increase motivation to work hard
and work together to improve their performance (Siadat, Musial & Sagher, 2008).
Peterson and Siadat (2009) continued the Keystone Method at Daley College
during the academic years 2004-2006. However, they altered the original Keystone
Model proposed by Sagher and Siadat in 1997. The experimental groups received
short-time cumulative every-class quizzes and immediate teacher feedback. The control
groups received weekly non-cumulative quizzes and not immediate teacher feedback.
The study showed an average increase of 16% on the performance at the end of the
semester on the experimental groups compared to the control groups. Also, there was
an increase of 10% in the retention rates of students in the experimental groups
compared to the control groups. Peterson & Siadat (2009) do not mention, though, the
cooperative learning and peer help as being part of the study. They argue, though, that
the findings of the study are consistent with previous educational research, specifically
with Vygotsky’s Zone o f Proximal Development Theory, and Bandura’s Social-Cognitive
Learning Theory (p.100). The formative assessment, which is what Peterson and Siadat
call these quizzes, seems to be a great assessment technique that “has both cognitive
and psychological benefits for students” (2009, p. 100).
The third key element of Keystone Method developed by Siadat and Sagher
refers to the development of cooperative learning groups (Sagher & Siadat, 1997).
Research indicates that cooperative learning groups increase students’ motivation to
learn by creating relationships between students (Powell & Kalina, 2009). Alkeaid (2007)
reflects that when students interact in problem solving, they are exposed to different
opinions and see how other students think. Moreover, he claims that students’
knowledge “improves and develops through negotiation within discourse communities”
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(2007, p.660). Smith et al. (2007) consider that not only cooperation among students is
at the base of students’ own learning, but student-faculty contact as well.

Theoretical Framework
A few theories of collaborative knowledge construction form the theoretical
framework of this study. They are discussed next.

Vygotsky’s Social-Constructivism
Vygotsky, the “founding father of social constructivismi\ believed in social
interaction between students in the process of learning (Powell & Kalina, 2009, p.243).
He believed that students create concepts by building on their existing knowledge, and
that discourse and communication precedes their own thinking processes. In social
constructivism “ideas are constructed through interaction with the teacher and other
students” (Powell & Kalina, 2009, p.242).

One of Vygotsky’s theories is the “zone of proximal development” (ZPD).
Vygotsky (1978) maintained that the child follows the adult's example and gradually
develops the ability to do certain tasks without help or assistance. He called the
difference between what a child can do with help and what he or she can do without
guidance: the zone of proximal development (Powell & Kalina, 2009, p.242). Often,
students learn easier within this zone when others (the teacher or other students) are
involved. As part of his theory, Vygotsky (1978) used scaffolding, which is an assisted
learning process that supports the zone of proximal development. Regarding this theory,
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when a child is asked to perform a task (for example to count), he or she will complete it
with teacher assistance first and then by himself/herself. That means that the students
learn better when they are assisted by the teacher or by other students. Students move
from one level of understanding to the next level through the process of internalization,
or “getting it” or the “a-ha” moment (Powell & Kalina, 2009, p.244).

Yetter et al. (2006) acknowledge Vygotsky’s social constructivist theory holds
for peer interaction among students with similar levels of development and is critical for
concept acquisition (p. 137). However, not all cooperative groups are created with
students with similar developmental levels; actually Siadat, Musial & Sagher (2008)
recommend heterogeneous groups because “interaction of weaker and stronger
students within groups has a social dimension, [...] mitigates passivity, and promotes
collegiality” (p.339).
Powell & Kalina (2009) also state that the dialogue between students is
“enriched through diversity” and that students need to know each other and understand
themselves before they can start learning the curriculum (p.246).
Vygotsky’s theory sits at the basis of my study: considering the diversity of
students enrolled at the college, cooperative learning might be the way to contribute to
the mathematics learning of students with different learning styles. This could be the
answer to students’ better achievement of mathematics knowledge in the short-term (for
unit tests) and/or in the long-term (final exam).
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Kurt Lewin’s Cooperative Learning
Kurt Lewin was the social psychologist who Influenced the American
pedagogical practice with his theories of cooperative learning. He believed that “learning
occurs when two or more students work together to learn the same subject matter”
(Sherman, Schmuck & Schmuck, 2004, p.192). Lewin Insisted that there is a positive
interdependence between group learners, and that no member is alone, but they all
strive to work together for a mutual benefit. The learners develop their social skills,
share resources, trust one another, resolve social conflicts, and support one another.
Sherman, Schmuck & Schmuck (2004) consider the cooperative learning as one of the
best practice approaches in the American educational practice to structure classrooms
for effective learning (p. 197).

Alexander Astin's Involvement Theory
I began the Literature Review chapter with the importance of motivation and
student’s involvement as the basis of students’ learning in school. Alexander Astin
(1999) develops the theory of college student’s involvement, and finds a direct
relationship between student’s involvement in all the parts and life of the college, his or
her motivation to do well in classes, and his or her motivation to complete the college
program he has enrolled in. Astin"(1999) emphasizes that

student “frequent interaction

with faculty is more strongly related to satisfaction with college than any other type of
involvement” (p.525). He also claims that the changes in student’s attitude and behavior
“are attributable to peer-group effects” (p.526).
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Cooperative Learning

Considering the above theories about how students learn and what motivates
them to learn, it seems that cooperative learning, teacher assistance, and peer tutoring
are important ingredients for students’ learning.

Gadanidis (1994) refers to “a

community of scholars”, where students share their ideas, learn from each other, and
help each other (p.94). Students learn if they are actively engaged in their learning, and
collaborative or cooperative group work contributes to student engagement by creating
learning communities, while interaction among students and interaction between faculty
and students play an important role (Alkeaid, 2007; Astin, 1999; Panasuk & Sullivan,
1998; Sezer, 2010; Siadat et al., 2008; Zipp, 2007).

The National Council of Teachers of Mathematics also emphasizes that when
students work in cooperative groups, they not only develop social and communication
skills, but also this interaction among students “contribute to internalizing concepts by
forcing the students to defend their views against challenges brought by their peers”
(1991, p.vii).

Sezer (2010) discusses how cooperative learning and alternative testing was
implemented at a community college and in a high school mathematics class. The goal
of the study was to have students take charge of their own learning, when the lecture’s
length was reduced and the collaborative learning was the main teaching strategy. The
results indicated that cooperative heterogeneous groups created a support for all
students, but in the same time created peer pressure as well. Also, it permitted students
to communicate their mathematics ideas and become active learners.
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Younger and Warrington (1999) interviewed Grade 11 students at a high school
in Eastern England about the cooperative.style of their classes. Students welcomed the
opportunity to work in groups, because they were able to express themselves and
develop ideas more fully, which contributed to their learning.

Smith et al. (2005) argue that interaction among students and interaction
between faculty and students are the two environmental factors that are the most
predictive of positive changes in college students’ academic and personal development.
They state that the teacher should become “less an imparter of knowledge and more a
designer and facilitator of learning experiences and opportunities. In other words, the
real challenge in college teaching is not covering the material for the students; it’s
uncovering the material with the students” (p.89).
Smith et al. (2005) also refer to the “keep it flowing around” model of learning
that happens in cooperative learning, as opposed to the “pour it in” model, when only
lecture is available (p.89). Also, Windschitl (2002) supports students’ discourse and
teacher being a co-learner in class.
Following a similar belief, Kasturiarachi (2004) identifies two reasons why
cooperative

learning,

when

properly

implemented,

should

be

Integrated

in

undergraduate mathematics education. Firstly, cooperative learning is a learning
process that encourages student-faculty contact, cooperation among students, and
active learning. Also, it gives prompt feedback, emphasizes time on task, communicates
high expectations, and respects diverse talents and ways of learning. Secondarily,
cooperative groups are ideal for bringing together students with diverse learning styles,
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where students contribute their unique strengths to the group; through sharing students
enhance the learning styles that are latent.
Moreover, Kramarski & Mevarech (2003) studied the effects of cooperative
learning on 384 eighth-grade students. They observed that one of the most effective
ways to learn mathematics is explaining the material to someone else, and that peers
motivate each other to search for solutions.
Similarly, McKeachie (1994) concludes:
“The best answer to the question: What is the most effective method of teaching? Is that
it depends on the goal, the student, the content, and the teacher. But the next best
answer may be: Students teaching other students” (p.144).
House (2004) looks at the results of cooperative learning on the mathematics
achievement of adolescent students in Japan as presented in the TIMSS 1999
assessment. He observes that cooperative learning results in improved learning and
increased confidence levels for at-risk students in elementary and secondary panels.
However, cooperative learning reports different results on the mathematics achievement
scores: higher achievement levels in seventh-grade mathematics, in secondary school
mathematics, and in high-school geometry, but a negative correlation between the use
of cooperative learning when learning new mathematics topics and math achievement
test scores for male students.
Research indicates that group work does not always have positive outcomes or
functions ideally; groups can function in ways that have a negative impact on student
learning. Baker and Campbell (2005) observe that group work can reinforce wrong
thinking when group members misunderstand concepts (p.14). Also, Zipp points to the
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so called “free riders”, which are students who rely on the efforts of the other members
in their groups to do their work (p.69).
Moreover, Kotsopoulos (2007) refers to “productive positioning” to define the
state in which some students, members of a collectivity, do not participate in meaningful
discourses, are not challenged by their peers, and their passivity is accepted by the
other members of the group (p.217). In her study, 34 grade eight students were
distributed in groups for class work. The video recording on group work identified that it
did not exist any evidence of a shared learning or communication in groups. Students
worked individually, then compared answers. If there were mixed answers, the members
of the group copied the answers from the good student of the group without further
discussion. Kotsopoulos observed that students did not feel that their opinion mattered,
and they did not participate. Moreover, group “members who struggled or... thought
differently were largely and willfully ignored” (2007, p.195). From the video recordings
of students’ work in groups, Kotsopoulos (2011) observed disturbing group scenes:
indifferently on the two students’ asking for their peers’ support, “a message of
incompetence and exclusion” was sent to these two students (p.139).

Adult College Students
At the college, not all students are recent high school graduates; the College
Mathematics Project 2009 reports that as much as 31:5% of the students enrolled in the
first semester technology programs at colleges are adult students, who spent some time
in the work-field before deciding to return to school for a change in career or advance in
their careers. Brewer et al. (2003) claim that adult students have an increased
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motivation to learn, positive attitude towards school, and real life experience they can
relate information to. On the other hand, adult students usually have lower confidence
they can succeed academically, the same study claims, and lower self-esteem.
Another study by Cabrera et al. (2002) similarly investigated the influence of
collaborative learning within class and outside class: co-curricular activities, block
scheduling, and within residence halls. The study pointed that class discussions lead to
high cognitive development and long-term knowledge retention for adult college
students. Also, collaborative learning in- and out-of class had a positive impact on
promoting social responsibility, connections between students, openness and respect
towards diversity, and increased team-work. However, the study did not conclude
significant increases in student academic achievement, and the authors recognize the
need for more empirical research to demonstrate any influences of collaborative
learning towards adults’ school achievement.

Cooperative versus Individual Learning
Brewer et al. (2003) investigated the use of collaborative learning versus
individual learning with adult college students in increasing their confidence in their
academic abilities. The study concluded that having adult students with high affinity for
group work learn in groups (matching their learning styles) influenced positively their
attitude, confidence, and continuous motivation to learn, enjoyment, and belief in their
ability to learn, but did not have any influence on their academic achievement. Also,
students who preferred independent learning - and were arranged to work individually
(again, accommodating their learning style) -

performed better on achievement
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measures, spent less time learning, but not significant differences were found related to
attitude items.
Research shows that cooperative learning works better than individual work
in most situations; however, not all students benefit from group work (Baker & Campbell,
2005; Jones et al., 2003; Kasturiarachi, 2004; Kramarski & Mevarech, 2003; Lawrence,
1988).
Kramarski and Mevarech (2003) warn that students with poor communication
skills are less likely to benefit from cooperative learning. Also, some students prefer to
work alone, and they experience an increased stress level when they work in groups
(Baker & Campbell, 2005). Moreover, perceptions of unfairness can appear if the low achieving students in the group receive the same grade as the highest performing
members of the group (Baker & Campbell, 2005).

Cooperative Testing
The above theories and studies suggest in general that cooperative learning
is recommended for improving student achievement, for developing social and
communication skills, for empowering students, and for creating learning communities
where students help each other. However, most teachers who apply cooperative
learning in their classrooms consider the group work only for any kind of class and/or
home work, but too rarely do they consider it for testing (Zipp, 2007). I presented above
Zipp’s belief that tests have four purposes: (1) student grades, (2) milestones for content
delivery, (3) increase in student learning, and (4) increase student motivation to learn.
Too many teachers consider tests as a tool for grading students’ knowledge, but too few
recognize that tests by themselves have a pedagogical role in students’ learning (Zipp,
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2007). In the literature, cooperative tests are considered alternative testing methods, as
to distinguish them from the traditional te s tin g -th e individual tests.
Breedlove (2004) and Zimbardo, Butler, and Wolfe (2003) tried cooperative
exams with their students and found that cooperative tests reduce test anxiety and
stress, and there is an increased motivation to learn. Also, students build on each
other’s strengths, and prepare more so they do not let their peers down. Also,
Helmericks (1993) was surprised to see that students scored better in the cooperative
midterm tests, but scored worse in the final individual tests than in the previous year
when the midterm tests were individual as well.
In the study conducted by Russo and Warren (1999) students were given
the option to write collaborative tests or individual tests. Most students chose to write
collaborative tests. The study’s results indicate that the students were looking forward to
every test, so test anxiety was eliminated, However, the researchers were disappointed
that the collaborative exam group did not score better than the previous year’s individual
testing class. An improvement, though, was that no student received below a C using
the collaborative format, while in the traditional format about 5% of students usually
received D’s.
Stearns (1996) used a two-stage testing for the unit tests and a cumulative
individual exam at the end of her course. The two-stage test comprised of an individual
test, then a cooperative test in groups. The individual tests were collected before the
cooperative test commenced, and the solutions were discussed immediately after the
group test was finished. The results revealed a significant increase in the final exam
scores of the cooperative exam groups compared to the traditional exam groups.
However, the researcher did not take in consideration eventual differences in the quality
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and ability of students for the two groups. On a secondary note, the retention rate using
the collaborative format was almost perfect (only one student dropped) compared to the
traditional format where one third of the students dropped the course.
Zipp (2007) conducted a two-stage cooperative test with heterogeneous
groups of six students with mixed gender and learning styles. He gave his students four
two-stage exams, of which the first try was individual and the second was cooperative in
defined groups. Students' grades were a combination between individual scores and the
cooperative score for each group, more emphasis given to the individual scores. He also
gave them an optional final exam with questions from the previous unit exams, and was
surprised to see that only 62.9% of the students took this exam. After interpreting the
data, the results showed that there was an average increase of 12.9% of students’ final
marks in the cooperative exam groups compared to the final marks of the students in
previous years’ individual exam groups. Also, for the students who wrote the optional
final exam, the results showed that students who did not correctly answer exercises in
the individual exams but did them in the cooperative exams learned the math content
and did them right in the optional individual final exam. Zipp (2007) concluded that
beyond the individual preparation, being part of a group that answéred correctly helped
students retain the material, at least in the short-run (p.68).
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The Research Questions

Considering the above perspectives about how students learn and the
research about frequent testing and cooperative learning and testing, I attempt to
combine two ideas for my study: frequent quizzes and cooperative work, into one
learning strategy. I venture into applying frequent (2-3 times per week) quizzes that are
not entirely individual, but allow for cooperative work among students in pairs or in
groups of three or four. Moreover, to accommodate students who work better
individually, the pair/small group work is not mandatory during the quizzes, but students
are permitted to work by themselves or seek instructor’s help.
Also, I plan to make quizzes as short reviews of the previous days’ content, so
that students practice the new material taught. Only towards the unit tests do I make
cumulative content quizzes to help the students review new and past unit concepts.
Towards the end of the course, the quizzes have cumulative content from all units
taught.
\

The purpose of this study is two-fold. Firstly, the study intends to determine
whether the administration of frequent cooperative quizzes has any positive effect on
student achievement, as perceived from students’ marks in unit tests and the final exam.
Secondly, the study aims to ascertain if the frequency and cooperative types of quizzes
have a direct influence on students’ engagement in their own learning by looking at
class attendance, students’ class involvement, and course completion rates.
The results of this research will help me and possibly other teachers choose
future teaching and assessing strategies that work with a large range of students’
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abilities and learning styles. In the current era of increasing technology, mathematics is
positioned at the core of studying and succeeding in science and technology programs. I
hope that this research opens doors to further research into different combinations of
teaching and assessing strategies that might improve students’ achievement and ability
to use mathematics concepts in their further education.

<

\
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Chapter Three
Methodology

This pilot study aims to explore whether frequency of quizzes and cooperation
during quizzes have a positive influence on students’ mathematics achievement and
class engagement. For students’ mathematics achievement the study considers
quantitative data as students’ scores in unit tests and final exam, students’ surveys, and
my observations. For the purpose of students’ engagement, the study looks at
quantitative data regarding the percentage of quizzes completed by the students,
students’ perceptions as acknowledged by the results of the survey, and my own
observations.
This chapter will describe the study’s setting, samples, groups, and variables;
instructional procedures; research and evaluation methods; the data analysis used in
the study; and the ethics procedures related to the students’ marks and questionnaires.

Study Setting
Data for this study was produced during a basic mathematics course for first
year college students enrolled in the technician program at our College. The data for the
study was collected over two semesters: Fall 2009 and Fall 2010. Because of the large
number of students in both years of study, there were two sections of students for each
semester. The mathematics course taught was spread over eighteen weeks, from which
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seventeen weeks were allocated to content teaching, student learning, and units testing.
The last week was reserved for the final exam.
There were five hours of class each week for seventeen weeks, spread over
four school days for each semester. That means that each school week had three days
with one mathematics class each day, one day with two consecutive mathematics
classes, and one day with no mathematics classes. From the four student sections (two
sections for each group: control and experimental), only one student section in the
control group (Fall 2009) had the five weekly class hours scheduled as one class every
school day. Each mathematics class was fifty minutes in length. The classes for both
semesters were scheduled at similar times of the day. The classrooms were large
enough to accommodate a large number of students. Some classrooms had benches
arranged in an amphitheatre setting, others had chairs and desks. There was a similar
mixture of both class settings for both semesters of the math course. The class boards
for both semesters were either white (for markers), or black (for chalk).
The course taught over the two semesters used the same Course Information
Sheet, which comprised the same curriculum, same learning outcomes, and same
marking scheme and weighing scale. The weighing scale used for both semesters
comprised:
•

Unit 1 Test: 10%

•

Unit 2, 3, and 4 Tests: 15% each

•

Final Exam: 25%

•

Assignments/ Quizzes category: 20%
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The textbook used was the same: Basic Technical Mathematics, 9th edition,
by Allyn Washington, coupled with an online component, MyMathLab, for students’ own
practice. Students’ registration with MyMathLab allowed for the use of the online version
(e-book) of the textbook as well. The mathematics course was divided into five units,
each with lengths between three and four weeks, depending on the content. The course
covered operations with numbers and fractions, basic algebra, trigonometry and
geometry, complex numbers and applications, and radical, logarithm, and exponential
expressions.
The researcher was the instructor for both semesters - Fall 2009 and Fall
2010. The teaching strategy was kept the same, which is described in great detail in the
section “Instructional procedures” of this chapter. The instructor used the same course
notes for both groups, and the notes were posted online for all students. The reviews
before the unit tests were the same and were posted online as well, together with the
answer key for all exercises included. The method of marking the quizzes, assignments,
unit tests, and the final exam was the same: students received full marks for complete
solutions to the exercises and partial marks for the well done sections of individual
exercises.
The four unit tests were kept the same in content and duration (50 minutes
each unit test) for both semester courses. Similarly, the final exam was the same in
content and duration (110 minutes). All unit tests and the final exam comprised
exercises, word problems, and/or applications to which students were required to show
full solutions, otherwise they received a mark of zero. All unit tests were given to the
students at the end of the teaching period for each unit, and comprised only content
specific to the unit in cause. All unit tests and the final exam were made in two versions
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and kept the same for both semesters. The difference between the two versions was
related to numbers and letters [for example, one version had (- 3m°) and the other
version had (- 2p°) for one algebra exercise], In order to discourage cheating.
There were also given five assignments, one for each unit in the course. The
assignments were kept the same for both semesters. In the second half of the course
there was given an “Assignment Make-up” , same for both semesters, to replace one of
the lowest marks (or a zero mark) from the asslgnments/qulzzes category.
Finally, there were quizzes given to students In both semester courses, whose
marks were part of the assignments/qulzzes category of the marking scheme as well.
The quizzes started after the Unit 1 test for both semester courses and were maintained
towards the Final exam. The procedure of administering the quizzes, their frequency
and number, as well as their content was different between the two semester courses.
These quizzes represent, the alteration of the mathematics course taught and
investigating their effects depict the purpose of this study.
The policy of the mathematics department concerning teaching strategy and
testing style needs to be mentioned here as well, as It is written In the content of the
Course Information Sheet for the course. It does not exist any stipulation about the kind
of quizzes to be used (individual, cooperative, open book, or online), nor about the
number of them. This Is left to the discretion of the professor and his or her teaching
strategy.

32

Study Samples
The students enrolled in the technician program at our College in Fall 2009
and Fall 2010 represent the two samples of this study. It is considered that all full time
students enrolled in a program need to take the basic mathematics course, which is
offered only in the fall semester and represents the prerequisite for the majority of the
courses offered in the second semester of the program. The researcher was unable to
randomly assign students in the two fall semesters; the students were self assigned by
registering in the specific year’s program, and/or conditioned by their age (for the
students who just graduated high school that year). Students did not have any
knowledge about which semester would comprise the control group and which would be
the experimental group.
The students were a combination of recent graduates of high school and
mature students. However, the number of recent graduates of high school surpassed
the number of mature students. To refer to the statistics presented by the College
Mathematics Project 2009, an average of 68.5% of the students in the technology
programs are recent high school graduates and only 31.5% are mature students, which
pretty much approximates the ratio between these two categories of students registered
in our College in this program as well. There was a total of 150 students registered in
the program in September 2009 and 160 students registered in September 2010. The
majority of the students were male students. Only three female students were in the
2009 semester group and four in the 2010 semester group. Most students in both
groups were white Caucasian, but there were Asian, South-American, and AfricanAmerican students as well.
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Two student samples were formed for the purpose of this study: the control
group and the experimental group.

The Control Group
The control group started with 150 students registered in September 2009 in
the technician program at our College. However, 124 students were still enrolled in the
program by the end of the mathematics course (January 2010). All students were given
the option to drop the class for a grade of W (withdrawal) by the Midterm (approximately
the seventh week of the fall semester).
The students have not been aware that they were part of the control group for
this study. In fact, the researcher (myself) did not know that this cohort of students
would be the part of a thesis study, as the decision on the theme and study was taken in
September 2010 (a year later). The data collected from this group would be considered
secondary data, used for comparisons and interpretations.
snt between the control
and the experimental groups referred to quizzes. For the control group there were four
quizzes given to the students, one for each of the units 2, 3, 4, and 5. During the first
unit there was not any quiz. One example of unit quizzes is shown in Appendix 1 - Quiz
# 3 corresponding to Unit 4 of study. All quizzes were given at the beginning of the class
for approximately thirty-five minutes. The quizzes were between one and one page and
a half in length. They usually comprised most of the content taught by the time of the
quiz from the specific unit it represented. The quizzes were individual, but a fact sheet
with formulas was attached at the end of it for student use. All the quizzes for this group
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were

marked

by

the

instructor,

and

the

marks

were

registered

under the

assignments/quizzes category.

The Experimental Group
The experimental group started with 160 students registered in September
2010 in the technician program at our College. However, 136 students were still enrolled
in the program by the end of the mathematics course (January 2011). All students were
given the option to drop the class for a grade of W (withdrawal) by the Midterm. The
students were not informed that they were part of the study until the end of the
semester.
For the experimental group there were twenty-two quizzes given to the
students, approximately five or six for each of the units 2, 3, 4, and 5. This results to
around two or three quizzes given every week, which means that students had quizzes
two or three out of four days we met, with the exception of the weeks of the unit tests
when the time was scheduled for finishing up the unit, doing the review, and taking the
unit test. Similarly to the control group, the experimental group was not given a quiz
during the first unit. Two examples of quizzes are shown in Appendix 2 - quizzes
numbers 11 and 13 corresponding to Unit 4 of the course. The quizzes were a half page
in length and took approximately 15 minutes to write. Most of them were given at the
beginning of the class, but sometimes (during the second half of the course) they were
given at the end of the class, for attendance reasons that I will describe later. They
usually comprised the content taught within the previous two days; only in the week
before the unit test were they cumulative and comprised the content of that specific unit.
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For this group, quizzes were marked either by the instructor or they were
student self-marked, in which case the exercises’ answer key was provided on the
board. It was possible to have the students mark their own quizzes only when the
solving procedure of all the exercises in the specific quiz required more than one step to
come to the final answer. The marks of all quizzes were registered into the
assignment/quizzes category.
'

The quizzes were not individual, but the students were given the opportunity

to work together in pairs or small groups of three or four self-nominated students.
However, if the students preferred to work individually, their choice was respected. Also,
instructor help was available when students solicited it. Students were permitted to use
their class notes as well, as no fact sheet with formulas was given, so they had to
search for formulas and rules in their notes if they needed them.

Study Variables
\

The independent variable of this study was whether the quizzes were one per
unit and worked individually or they were frequent and cooperative. The control group
students (Fall 2009) were given one longer quiz every unit, and they needed to answer
the questions individually. The experimental group students (Fall 2010) were given
frequent shorter quizzes (every other day usually), and the work on them was
cooperative in small groups/pairs in most of the cases.
The dependent variable of this study was the mathematics achievement of the
students in both groups: control and experimental. The achievement was measured by
students’ performance on unit tests and the final exam.
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Instructional Procedures

This section will discuss the method of instruction used by the researcher
(myself) for both groups of students.
The textbook used by both groups was Basic Technical Mathematics, 9th
edition, by Allyn Washington. Students were encouraged to complete exercises from the
textbook at home, similar to the ones done in class, as their own practice. Also, there
was an online component of the textbook called the e-book, which together with the
online learning tool (MyMathLab) gave students online practice at home. In this way,
both paper-based and computer-based practice was available to students with different
ages and preferences.
The beginning of the class was different, depending on the type of day:
teaching day or quiz day. These kinds of days were kept similar for both groups: control
and experimental.

Teaching Day
The teaching day started with an oral review of what was covered from the
beginning of the unit or the previous day, if it was a continuation of the class before.
Then there were stated the objectives of the current class, the types of applications the
concepts were used in, and the big picture: how the current content fits in the current
unit, next units, and future courses.
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The class hour continued with the presentation of the new content. The
instructor used a basic lecture style following the course notes that were posted online
for students’ use as well. The example exercises were from the notes, or similar ones
made ad-hoc. On the board the instructor presented a few exercises that demonstrated
the use of formulas or rules, or applications related to them. Also, the instructor solicited
student involvement as well by asking questions and answering students’ questions.
Moreover, the instructor usually gave a couple of exercises to the students to
solve individually or in groups on their papers, then wrote the solutions on the board with
assistance from the students. The class hour ended with a review of the things done
and recommended homework exercises from the textbook and/or e-book.

Quiz Day
The quiz day started with the quiz: for the control group for 30 - 35 minutes
and for the experimental group only for 10 - 15 minutes, in order to leave about the
A

same amount of teaching time for both semesters. The procedure was different, as
described previously: the students in the control group worked quietly and individually.
The students in the experimental group worked in pairs, groups, or individually by using
their notes and/or asking for my help. The level of noise of the latter was kept to a
reasonable level, students being aware that too much noise disturbed everyone. After
15 minutes the quizzes were handed in and the class hour continued as the teaching
day described above.
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The testing days were devoted to the tests only. If the students finished the
test earlier, they left the classroom before the end of the class time, as no teaching was
scheduled.
All unit tests, quizzes, and assignments were announced at least a week prior
to the testlng/asslgnment day. The assignments were posted online for students to print,
solve, and bring to class by the due date. They were two or three pages long, and were
recommended to be done at home as practice of the concepts covered In the current
unit.

Tutoring
Before the unit tests and the final exam, beside the class review for the
content, the instructor organized one or two hours of tutoring for the students who
needed help to prepare for the tests. Also, the Learning Centre of the College was
available every day for one-on-one tutoring.

c
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Research Methods

In order to examine the outcomes of frequent cooperative quizzes on
student’s achievement, a mixed methods research procedure combined the quantitative
data represented by students’ test marks and students’ answers in a questionnaire with
qualitative data represented by students’ feelings and perceptions in the survey and
instructor’s observations. These are presented in the following sections.

Quantitative Methods

The study is based on an exploratory research, which employs two groups,
the control group and the experimental group. Both groups of students are first-year
college students enrolled in a mathematics course that I teach. The treatment applied to
\

the control group consists of unit quizzes taken individually by students. The treatment
applied to the experimental group is altered from the control group and consists of
frequent cooperative quizzes with peer and instructor support.
The average of the Unit 1 test marks, separately for each group (control and
experimental), represents the comparison point for all the other average unit tests and
the final exam marks for each group. The Unit 1 test (version 1) is presented in
Appendix 3. Averages of quizzes marks will be considered as well in the interpretation of
data.-' •■■■■■'
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The number of participants considered in the study from both groups differs
from the initial number of the students registered for the course, because a number of
students withdrew from the college program either before the Midterm or stopped
coming to classes by the time they took the final exam. The students who formally
withdrew from the program were assigned a letter W (Withdraw). The students who
stopped coming to classes but did not withdraw formally were assigned a letter F (Fail)
at the end of the course. Only students who took at least the first unit test and the final
exam were considered participants in the study for both groups, because of the need to
compare the average marks at the beginning of the course with the ones at the end of
the course, which is practically the purpose of the study. Consequently, the number of
participants in this study diminished, as reported next:

Control Group
In the control group, 150 students registered in the course and program in
September 2009. From them, 26 students withdrew formally from the course by Midterm
and received a W. From these, only 7 students wrote Unit 1 test and Unit 2 test - with
failing grades. The other 19 students withdrew after Unit 1 test or before it (in the first
two-three weeks of the school). As a result only 124 students remained registered after
the Midterm.
However, considering that the Unit 1 test and the Final Exam are the key
points of the study’s comparison, the students who did not write both of these tests were
not considered in the main quantitative analysis. The Final exam (version 1) is
presented in Appendix 4 at the end of the study.
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From the 124 students still registered after the Midterm, one student missed
the Unit 1 test, and 38 students did not write the final exam. They either wrote a number
of tests (28 students) then stopped to attend, or did not come at all after the Unit 1 test
(10 students). These students did not withdraw from the program, so they received an F
at the end of the course. Therefore, only 85 students in the control group are considered
participants in the study. They were divided in two sections: section 01 with 44 students
and section 02 with 41 students.

Experimental Group
In the experimental group, 160 students registered in the course and program
in September 2010. From them, 24 students withdrew formally from the course by
Midterm and received a W. From these, only 3 students wrote Unit 1 test and Unit 2 test
- 2 students with failing grades. The other 21 students withdrew after Unit 1 test or
before it (in the first two-three weeks of the school). As a result only 136 students
remained registered after the Midterm.
Similarly, considering that Unit 1 test and Final Exam are the key points of the
study’s comparison, the students who did not write both of these tests were not
considered participants in the study. A number of 41 students did not write the final
exam. They either wrote a number of tests then stopped to attend (21 students), or did
not come at all after the Unit 1 test (20 students). These students did not withdraw from
the program, so they received an F at the end of the course. Therefore, only 95 students
in the experimental group are considered participants in the study. They were divided in
two sections: section 01 with 48 students and section 02 with 47 students.

42

Student Survey
The student survey was a short questionnaire, which is shown in Appendix 5.
The data from these questionnaires was student self-reported and necessary for study’s
triangulation. Students’ opinions and perceptions were analysed as well, and compared
to primary data collection. A weakness of this design is that it was not possible to do the
same type of triangulation to the secondary data collected from the students in the
control group, which had already finished their college math course before the
researcher decided to include them in the study.
For the experimental group, at the end of the college math course (in January
2011) and before the final exam, students who agreed to be part of the survey (the
ethics procedures and approvals are presented further in this chapter) were given an
anonymous questionnaire comprised of six questions related to their experiences with
the frequent cooperative quizzes and the perceived importance of these quizzes to
students’ overall mathematics achievement.
The first two questions asked about student’s own perception about the
importance of the frequency of math quizzes and about classmates’ support in their own
learning. The third question asked the students to appreciate the percentage of quizzes
they thought they wrote from the total number given (22 quizzes in total).
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Qualitative Methods
Students’ Survey
The last three questions were open-ended questions, so the students were
not restricted in their answers, but given the opportunity to express their feelings,
opinions, and voices about the quizzes. One question asked students to write two things
that they liked best about the quizzes that were given to them. Another question asked
the students to write two things that they liked least about these quizzes. Finally, the last
question was even more open: it asked for any other comments students felt they
should report about the role of quizzes in their learning.
Instructor’s Notes
As the instructor of both groups: the control group and the experimental group
for the college mathematics course - first semester - , my own observations during
classes and my feelings about the quizzes and their application procedure in class will
be discussed in the “Instructor’s Observations” section of Chapter 4 of this paper. My
observations will be used to interpret and validate the results of the study.
My observations will relate to students’ attendance to the class in general and
the quizzes in particular, perceived students’ engagement and motivation during class,
and perceived peer support during quizzes and during class in general.
Also, my observations about the frequency, duration, time chosen (at the
beginning or the end of class), content, marking, and importance of quizzes on students’
mathematics knowledge will be discussed in relation to students’ perception of the
quizzes and the quantitative data.
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Analysis of Data

A mixed methods research procedure combines the quantitative data
represented by students’ test marks and students’ answers in a questionnaire with
qualitative data represented by students’ feelings and perceptions in the survey and
instructor’s observations.

1.

Quantitative Data
The results of this study are based on the comparison of the control and

experimental groups. Quantitative data contains students’ marks for four unit tests, a
total mark for the quizzes, a final exam mark, and the final course mark for both groups:
control group and experimental group. Each mark category for each group represents
an average score of all students’ marks; averages were analyzed and interpreted.
The Unit 1 test average marks, the unit tests average marks, and the final
exam average marks were compared between the two groups. The Unit 1 test marks
represented the baseline point for the achievement and engagement comparisons
between the two groups of students.
Moreover, an analysis of final exam percent increase for both groups was
compared with Unit 1 percent increase for identical Unit 1 marks. The purpose of this
analysis was to compare the growth in performance for similar students between the two
groups, by comparing final exam marks for similar students (who scored the same in
their initial unit test). This comparison was performed for weak and strong students from
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both groups, and it was acknowledged that strong students have less room (%) to grow
than weak students, so the percent of available increase was used for calculations. The
lower the calculated ratio is, the higher students’ scores for the same initial test mark
are, so the better their performance is.

Students’ Surveys
Data collected from the questionnaire was analysed using the Likert scale for
the first two questions, because this scale attempts to measure beliefs, perceptions, or
feelings of people. The first two questions asked for student’s own perception about the
importance of frequency of math quizzes and about classmates’ support in their own
learning. I used a reversal 1-to-5 rating scale because both questions are reversed in
meaning from the overall direction of the Likert scale. It was considered that the ratings
corresponded to the following numbers:

1. = strongly unfavorable to the concept
2. = somewhat unfavorable to the concept
3. = undecided
4. = somewhat favorable to the concept
5. = strongly favorable to the concept

A high total score across both questions on the questionnaire was compared
to the highest possible score, in order to indicate the overall attitude of students over the
frequent and cooperative type of quizzes.

c
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The third question related to the percentage of quizzes taken employed a
rating scale with 4 category intervals. These data were analysed using percentages
about students’ perceptions and feelings.

2.

Qualitative Data
The last three open-ended questions in the survey about what students liked,

disliked, and thought about the quizzes taken were analyzed using content analysis, and
themes that emerged were identified.
The results of the qualitative analysis together with the results of the
quantitative analysis, and field observations were used to interpret the effects of
frequent cooperative quizzes on students’ achievement and engagement in the
mathematics course.

Ethics Procedures

In accordance with The University of Western Ontario’s and the College’s
ethical guidelines, as well as the Tri-Council Policy Statement: Ethical Conduct for
Research Involving Humans (2005), an ethical review was completed for this study both
at UWO and at the College. The research received ethical approval from both Research
Ethics Review Boards (at the College: protocol # 10-11-25-1 on Dec. 13, 2010, and at
UWO: protocol # 1011-3 on Dec. 17, 2010).
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Students’ Marks:
For the purpose of analyzing students’ marks, the Research Ethics Board at
the College considers that the use of aggregate institutional data constitutes the normal
course of events. Anonymous grade sheets from college’s data base were requested for
both groups of students: the control group and the experimental group, and the grade
sheets were used in the data analysis in this study. There was no connection between
students’ names and their academic records.

Students’ Questionnaires:
The students from the control group did not complete any questionnaire. Only
the students from the experimental group were part of the survey. The survey was
conducted during the last class hour of the school term, before the exam week.
The Research Ethics Board at UWO considers that student’s completion and
return of the questionnaire indicates student’s consent to participate in the study - this
was specified in the Letter of Information contained in Appendix 6. There was no need
for students’ written and signed consent, as it could have identified the students who did
not participate in the questionnaire. The students were able to withdraw from the survey
at any time. The letter of information also explained clearly what the participants in the
study needed to do.
At the day of the survey, the students in the two experimental groups were
read the Letter of Information by a third party (two college colleagues from another
department) in my absence. They explained that student participation in questionnaire
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was voluntary, and that, if the students agreed to participate, the class average grades
of the class quizzes, tests, and final exam would also be used as part of the study. The
letter also specified that students’ names and individual grades would not be used in the
analysis.
The questionnaires were distributed and collected by the third party. The
envelopes were sealed and deposited in a locked file cabinet in the office of the support
officer of the college’s department.; The person did not give me the envelopes until
students’ final marks for these classes were submitted.
The two colleagues who surveyed the students did not know the students
who completed the surveys or who decided not to participate. In this way, the students
did not feel that their academic status would be influenced if they did not participate in
the research.
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Chapter 4
Results and Discussions

This pilot study aims to explore whether frequency of quizzes and cooperation
during quizzes have a positive influence on students’ mathematics achievement and
class engagement. A mixed methods research procedure combined the quantitative
data represented by students’ test marks and students’ answers in a questionnaire with
qualitative data represented by students’ feelings and perceptions in the survey and
instructor’s observations. The results of this analysis and further discussions are
presented in this chapter.

Data Results

Initial (Unit 1) test marks, final exam marks, and three units (2, 3, and 4) tests’
marks for each group are presented in this section. Students’ final marks in the course
are reported as well. Students’ perceptions of the effect of frequent cooperative quizzes
on their own mathematics performance and on their class engagement, together with
instructor’s observations are used to provide support to the data from students’ scores.

Data from Control and Experimental Groups
Table 1 reports that the average for Unit 1 test for the control group was
78.1%, and the average of the same test for the experimental group was 72.0%. The
average for the final exam for the control group was 67.7%, and the average of the
same exam for the experimental group was 64.2%. For the other unit tests, the average
for Unit 2 test for the control group was 74%, and for the experimental group was 77%.
The average for Unit 3 test was 74.3% for the control group and 85.2% for the
experimental group. The average for Unit 4 test for the control group was 76.3% and for
the experimental group was 78.2%.
Sem ester

Number
and T y p e
o f Quizzes

U n iti
Test

Unit 2
Test

Unit 3
Test

Unit 4
Test

(%)

(%)

(%)

(%)

Quizze
s (%)

Final
Exam
(%)

Final
Total
Mark
%

4 Individual

Fall 2009
(control)

Quizzes

78.1

74.0

74.3

76.3

64.3

67.7

72.9

72.0

77.0

85.2

78.2

67.0

64.2

72.7

-6.1

3

10.9

1.9

2.7

-3.5

-0.2

N = 85

22
Cooperative

Fall 2010
(experimental)

Quizzes
N = 95
% Difference between
averages (experimental control)

Table 1. Sample sizes (N) and average scores of unit tests, quizzes, final exam, and
final total mark for the control and experimental groups.

Also, Table 1 reports on the final total marks of students in both groups
compared to their initial test. The final total mark for the experimental group was 72.7%,
and the final total mark for the control group was 72.9%.
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Table 2 shows a comparison between the percent of students receiving Unit 1
test marks and Final total marks with the same letter grade for each group (control and
experimental). In the control group, the percentage of students who had failing grades
(F) after the initial test was 9%, and the percentage of students who failed the course
was 6%. In the experimental group, the percentage of students who had failing grades
after the initial test was 12%, and the percentage of students who failed the course was
5% .The number of students who were failing after the initial test decreased towards the
final total mark from 66.7% of the control group to 41.6% of the experimental group.

Unit 1 test
Final Mark
Unit 1 test
Final Mark
Experimental
Control group
group (2010)
(2009)
Grade
21%
19%
16%
A+
35%
18%
18%
20%
A
20%
24%
B
12%
18%
20%
19%
20%
16%
C
16%
14%
18%
D
7%
18% ..
12%
5%
F
9%
6%
Table 2. Percent of students in each group (control and experimental) receiving each
final mark as a letter grade (±1 %).

Mixed Results
Students’ score analysis presented in Table 1 reveals mixed results. On one
hand, the final exam scores’ average was lower for the experimental group (64.2%) than
the one for the control group (67.7%), for a difference of 3.5%. However, when 3.5%
difference of means for final exam scores is reported to the difference of means for
initial test scores (6.1% lower for the experimental group than for the control group), the
final exam scores for the experimental group seem relatively higher than the ones for
the control group (2.6% relatively higher).
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On the other hand, the average scores for all three unit tests (2, 3, and 4)
were higher for the experimental group than for the control group. For Unit 3 test the
difference was a full letter grade higher (10.9%). For the other unit tests (2 and 4), the
difference was only 3% and 1.9% higher respectively. The importance of this difference
is accentuated by the fact that students in the experimental group had a much lower
starting point (6.1% lower), as represented by the Unit 1 test marks, than the students in
the control group.
Overall, In the mathematics course the final total marks’ average for the
experimental group was similar to the one for the control group (only 0.2% lower).
However, the marks’ changes from the initial test mark to the final total mark for the two
groups were notably different: an increase of 0.7% for the experimental group compared
to a decrease of 5.2% for the control group. It needs to be reported here that quizzes
weigh 20% of the final total mark, and the average score for the quizzes was 2.7%
higher for the experimental group than for the control group, which represents an added
percentage difference of only 0.54% to the final total marks.
The above numbers are the result of analysing the average marks of all
students from both groups. However, it is questionable to compare the students in the
two groups, considering only the differences in the initial unit test between the two
groups of students. Consequently, we need to look at all differences between these
groups of students.

Class Differences
Unit 1 test represents the beginning point for the treatment applied to the
experimental group: frequent cooperative quizzes, compared to the one applied to the
control group: unit individual quizzes. Considering just the averages of this “entrance”
test, with a difference of 6.1% in students’ marks, we can categorise the experimental
group students as being weaker mathematically than the control group students.
Students’ learning attitudes also need to be taken in consideration. I
mentioned above that during teaching days I gave the students a few exercises on the
board for individual class practice. From my class observations, during the first weeks of
school, there were students in the experimental group who worked through them;
however, there was a great number of students who just waited for me to write the
solutions on the board then copy them down. On the contrary, almost all students in the
previous school year (the control group) completed the exercises in their own notes
before I wrote solutions on the board.
Moreover, the students’ attendance to the course just after the first two-three
weeks of school for the experimental group was starting to decrease alarmingly: just a
little more than a half of the students were attending class, compared to more than three
quarters of students attending class time from the previous (control group) school year.
Consequently, the solution for a better comparison between the two groups
would be to consider the similar students from both groups, who scored the same in Unit
1 test.. .

■

................
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Similar Students
Table 3 reports all collected data for the Unit 1 test and Final exam marks
i for both groups of students. There were 85 students in the control group and 95
students in the experimental group in total. From them, there were 74 students in the
control group and 68 students in the experimental group who had identical marks of the
Unit 1 test, for a total of 34 identical initial marks. If there was more than one student
with an identical initial test mark in each group, averages were calculated for final exam
marks. The average of the identical Unit 1 test marks for these similar students was
calculated to be 73.4%, the same for both groups of students. The average final exam
mark for similar students was 65.84% for the control group, and 67.44% for the
experimental group. It appears to.be a modest increase of 1.6% in final exam marks for
the similar students in the experimental group compared to the control group ones.
When compared final exam marks averages for all students, data report a decrease of
3.5% from the control group students to the experimental group ones.

students

Unit 1
test

-

1
‘•' ,
2
3
4
5

Fall 2010 (experimental group)

Fall 2009 (control group)

Nr.
sim ilar

30%
38%
39%
44%
46%
48%
49%
50%

Individual Final
Exams

, 36%,32%
83%
66%
;
44%
76%
30%
49%
56%

Average
Final
Exam

34.0%
- .
83.0%
66.0%
44.0%
76.0%
30.0%
49.0%
56.0%

Unit 1
test

15%
29%
■- 32%
33%
38%
- '
41%
44%
46%
48%
50%

Individual Final
Exams

Average
Final
Exam

38.0%
67.0%

38%
67%
- ■ V'
60%
50%
59%
45%
40%
/
46%
48%,44%,37%
. 71%,36%

60.0%
50.0%
59.0%
■. 45.0%
40.0%
46.0%
43.0%
53.5%

.
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! ■■'
6
7
8
9
10
11
12
13

: 55%
56%
57%
58%
60%
61%
62%
63%
64%
65%

-

-

-

-

-

-

51%
52%,44%
94%
76%
' 66%,74%,71%,28%,
36%
50%
64%
70%
44%,60%
66%

51.0%
48.0%
94.0%
76.0%
-

55.0% :
50.0%
64.0%
70.0%
52.0%
66.0%
-

14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

68%
70%
71%
74%
75%
76%
79%
81%
82%
83%
85%
87%
88%
89%
90%
92%
93%
94%
95%
96%
98%
99%
100%

- '
73%,58%,32%
60%
66%,50%
-

90%
42%
60%,53%,22%,78%

54.3%
60%
58.0%
-

90% ,
42%
53%

-

-

-

-

54%
78%
64%,38%
78%,88%,48%,56%
74%,87%,70%,88%
68%,72%
80%
38%,78%,58%
90%,76%
68%,94%,26%
82%,62%
71%
84%,92%
96%,38%,26%
84%
94%,84%
98%,90%,52%, 100
100%,80%, 100%,
100%,76%,88%,88
100%,100%,100%

.

54.0%
78.0%
51.0%
67.5%
79.8%
"- ■
70.0%
80.0%
58%
83%
63%
72%
71% ;
88%
53%
84%
89%
91%

52%
53%
54%
55%

50.0%
56.0%
37.0%
59.0%

57%
58%
59%
60%

50%
48%,64%
37%
59%
' 48%,52%
41%,39%
50%,42%
62%.

50.0%
40.0%
46.0%
62.0%

61%
62%
63%

39%,68%,54%,78%
64%
51%,49%

59.8%
64.0%
50.0%

-

-

-

55.5%
36
35.7%
51.0%..
75.0%
69.0%
55.7%
54.0%
69.0%
47.0%
89.0%
62.0%
69.5%

65% 65%, 46%
66% 36%
67% 34%,34%,39%
68% 51%
70% 75%
71% 68%,70%..
73% 78%,36%,53%
74% , 52%,56%
75% 89%,33%,85%
76% 50%,44%
77% 89%
78% 64%,60%
79% 59%,80%
, .

82%
83%
85%
86%
87%
88%
89%
90%
92%
93%
94%
-

96%
98%
99%
100%

-

............................

93%
91%,66%,88%,40%
66%,80%,69%
72%,70%
99%
72%,69%,82%,72%
92% ;
74%,92%
92%,57%,82%
94%,95%
85%,93%,56%
-

81%,78%
73%
87%, 100%, 100%
98%, 102%

.

93.0%
71.3%
71.7%
71.0%
99.0%
73.8%
92.0%
: 83.0%
77.0%
94.5%
78.0%
-

79.5%
73.0%
, 95.7%
100.0%
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Average
marks
similar
students

73.4%

65.84%

73.4%

67.44%

Average
marks ail
students

78.1%

67.7%

72.0%

64.2%

Table 3. All students’ marks for Unit 1 test and final exam arranged by the Unit 1 test
marks, and averages for final exams. Similar students (34) marks and averages.

Acknowledging that strong students have less room (%) to grow than weak
students, a ratio between the percent of available Increase In the Final exam and the
percent of available increase in the Unit 1 test was calculated for similar weak and
strong students from both groups. This ratio was performed for lower Unit 1 test marks
(48%, 50%, 55%, and 60%) and for higher Unit 1 test marks (79%, 82%, 85%, and
99%), as presented in Table 4.
Unit 1 Test

48%

50%

55%

60%

79%

82%

85%

99%

Final Exam (2009)

30%

56%

51%

55%

54%

51%

80%

89%

V

Final Exam (2010)

43%

54%

59%

62%

70%

93%

72%

96%

Ratio increase
(2009)

1.35

0.88

1.09

1.13

2.19

2.72

1.33

11

Ratio increase
(2010)

1.09

0.92

0.91

0.95

1.43

0.39

1.87

4

Table 4. Similar students: Percent increase (room to grow) for final exam marks for the
control and experimental groups considering identical Unit 1 test marks.

For example, for a low Unit 1 test mark of 48%, the student in the control group
scored

30%

in

the

final

exam

with

a

ratio

increase

of

1.35

57

( ratio increase

(100% - 30%)
(100% - 48%)

_ 2

3 5

) anc| the student in the experimental group scored

43% in the final exam with a ratio increase of 1.09 ( ratio increase =

:

.

:

( 100% -

43<^ - = i .09).
48 %)

Calculations revealed that for initial test marks of 48%, 55%, and 60% the students in
the experimental group had a smaller calculated ratio, which means higher final exam
marks and better performance. However, for a 50% initial test, the ratio was higher for
the experimental group, which means lower performance for these students.
For a high Unit 1 test mark of 82%, the students in the control group scored
an

average

of

51%

in

the

final

exam

with

a

ratio

increase

of

2.72

(ratio increase = (1QQ% ~51% ) = 2.72), and the student in the experimental group scored
(100% - 82%)
93% in the final exam with a ratio increase of 0.39 (ratio increase = • ^ ^ —^ ^ ■ = 0.39).
( 1 0 0 % - 82%)
Calculations revealed that for initial test marks of 79%, 82%, and 99% the students in
the experimental group had a smaller calculated ratio, which means higher final exam
marks and better performance. However, for an initial test mark of 85%, the ratio was
higher for the experimental group, which means lower performance for these students.,
Table 5 shows a comparison of unit tests’ marks for similar students from both
groups. The average Unit 2 test mark was 69.7% for the control group and 77.4% for the
experimental group, with an increase of 7.7%. The average Unit 3 test mark was 74.1%
for the control group and 85.5% for the experimental group, with an increase of 11.4%.
The average Unit 4 test mark was 74.2% for the control group and 81.0% for the
experimental group, with an increase of 6.7%. The average final mark was 70.6% for the
control group and 74.7% for the experimental group, with an increase of 4.1%.

It
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appears to be a general increase of all marks for the similar students in the experimental
group compared to the control group ones.
Unit 1
test %

Unit 2
test %

Unit 3
test %

Unit 4
test %

Final
Exam %

Final
Mark %

Semester
Control group
74.1
74.2
65.8
70.6
73.4
69.7
(2009)
Experimental
74.7
81.0
67.5
73.4
77.4
85.5
group (2010)
% Differences:
Experimental . 4.1
11.4
6.7
1 .6
7.7
control
0.0
Table 5. Similar students: Average unit ests marks, final exam marks, and course fina
marks.

Exit Surveys
The survey was completed only by the students in the experimental group.
Students’ feelings and perceptions about the role of frequent cooperative quizzes in
their mathematics performance and class engagement are presented in this section.
Only 56 students from the total number of students in this group (95) participated in the
survey, which represents 59% participation. Overall, there was a positive feedback from
the students regarding the importance of frequent cooperative quizzes for their learning
of the mathematics in the course.

The First Two Questions
The first question asked about students’ perceived performance related to
the frequency of the quizzes. A percentage of

6 8

% (+9%) of students said that they felt

their performance in math class would have been worse (much worse) if they did not
have the frequent quizzes, hence a total of 77% of students found that the frequent
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quizzes helped with their performance (see Table 6 ). However, 14% of students felt they
would have performed the same without the frequent quizzes, and 5% (+4%) said they
would have been performed slightly better (much better) without the frequent quizzes (a
total of 9% here).

Response

Question

Much better
Slightly better
The same
Worse
Much worse
Much better
2. Cooperation
Slightly better ;
(survey)
The same
N = 56
Worse
Much worse
3. Completion
0% to 25%
25% to 50%
(survey)
50% to 75%
N = 56
75% to 100%
% Completion
0% to 25% (5 quizzes)
25% to 50% (11 quizzes)
(in reality from
marking sheets)
50% to 75% (16 quizzes)
75% to 100% (22 quizzes)
N = 95
Table 6 . Results of the student survey administered on
final exam to the experimental group,
1. Performance
(survey)
N = 56

N

% of N
2

3
8

38
5
1
1
6

37
11
0
0

4
52
3
4
25
63
the

4%
5%
14%
6 8 %
9%
2 %
2 %
1 1 %
-66%
2 0 %
0 %
0 %
7%
93%
3%
4%
26%
6 6 %
ast day of scho<

The second question asked about students’ feeling of performance related to
the cooperative nature of quizzes, including peer help and teacher support. A number of
6 6

% (+2 0 %) of students thought that their performance in math class would have been

worse (much worse) if they did not have peer and teacher support during quizzes, with a
total of

8 6

% students who preferred cooperation during quizzes. However, 11% of

students felt they would have performed the same individually,: and

2

% (+2 %) of
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students said that their performance would have been slightly better (much better)
without peer/teacher help (a total of 4% here).
A Likert scale analysis, where the high total score across these two questions
on the questionnaire was compared to the highest possible score, indicated a 3.9/5
rating on the frequent and cooperative types of quizzes, which reported an overall
positive attitude of students (see Table 7). The students’ rating for the importance of
frequency was 3.8/5, and for cooperation it was 4/5, both being indicators of the
students’ positive attitude towards the frequent and cooperative nature of quizzes.
Question\Ratings

1

2

3

4

5

Total

Q1: Frequency

2

6

24

148

30

2 1 0

210/280=3.8/5
Q2: Cooperation

1

2

18

148

224

55

224/280=4/5
Total?

/

8

3

42

296

434

75

434/560=3.9/5
Table 7. Likert diagram for the first two questions of students’ survey

The Third Question
The third question related to the percentage of quizzes taken was analyzed
using a rating scale with 4 category intervals. The survey reported that 93% of the
students marked that they completed 75%-100% of quizzes, and 7% of the students
marked that they completed 50%-75% of the quizzes (see Table
from my marking sheets, only

6 6

6

above). In reality,

% of students wrote between 75%-100% quizzes, 26%

wrote 50%-75%, and 7% wrote less than a half of quizzes. This discrepancy could be
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the result of the low percentage (59%) of students who completed the survey, but it can
also be related to the students not remembering how many quizzes they wrote from the
total of

2 2

quizzes given.
An analysis of the percentage of students earning a letter grade based on

the percentage of quizzes taken (for the experimental group) is described In Table

8

.

The table reports that 31% of the students, who completed between 75% - 100% of the
quizzes, earned a final total mark as a letter grade A or A+. For a letter grade B, 17% of
the students completed 75% - 100% of the quizzes and 7% completed 50% - 75% of
them. For a letter D, 9% of the students completed 75% - 100%,

6

% completed 50% -

75%, and 2% completed 0% - 25% of the quizzes. From the students who failed the
course, 2% completed 75% -100% , and 1% completed each of the other three category
intervals.
Grade
Earned

Percent Homework Completed
5 0 -7 5 %
7 5 -1 0 0 %
0 - 25%
25 - 50%
16%
A+
■
:
3%
15%
A
7%
17%
B
7%
3%
8 %
C
2 %
6 %
9%
D
2 %
1%
1%
F
1%
Table 8. Percen age of students earning a given grade based on the percentage of
quizzes taken by the students in the experimental group.

The Last Three Open-Ended Questions
The last three open-ended questions were about what students liked, disliked,
and thought about the quizzes taken.
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An analysis of these questions’ content revealed the themes that emerged
from students’ answers to these questions: content understanding, practice and review,
cooperation, quizzes’ qualities, effects on marks and attendance, and quizzes’
frequency.
Students’ self-reporting about their understanding of the concepts brought
the following remarks: ‘[Quizzes] helped understand what we just learned’, ‘helped us
have a better understanding’, ‘gave you fast feedback to know where you stand’.
Students’ remarks about the mathematics practice and review were: ‘practice
concepts while information was fresh’, ‘lots of practice’, ‘forced practice’, ‘made me
practice what we learned each week’, ‘great questions for test preparation’, ‘quick
reminder of the highlights’, ‘good review’, ‘required less studying for the exams’.
The cooperative nature of quizzes was positively pointed out: ‘we were
allowed to consult with peers and teacher’, ‘were able to work to other people to get
their point of view’, ‘had teacher assistance’, ‘can refer to our notes’.
Students reported some contradictory qualities of quizzes, as well. Some
students liked that quizzes were ‘short’, ‘regular’, ‘challenging’, diverse, and an
alternative to lecture. Other stated that quizzes were repetitive, challenging, too long, or
too short.
Students recognized that the cooperative style of the quizzes could give
them ‘easy marks’, and that these ‘grades count toward final grade’, but some did not
like the influence of a missed quiz over their final grade: ‘If I miss one, a zero will affect
my grade’.
The frequency of quizzes was perceived differently by students. Most
students stated that quizzes were ‘too many’; others indicated that there ‘should have
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been more’. The influence of frequent quizzes on students’ attendance to class was
controversial as well: ‘great idea for attendance’, though also perceived as a problem in
attendance if quizzes were still accepted the second school day.
A few comments about the positive students’ attitude towards the quizzes
were: ‘the quizzes really helped, they are a very good idea’, ‘I would not have learned
half of what I did without the quizzes - probably would have failed’, ‘they are essential to
the learning curve of all students & for the prof, as well to understand the students’
learning patterns’. On a negative note, one student referred to the quizzes as being
‘added stress’.

'

Instructor’s Observations
Regarding the frequency of quizzes, towards the end of the semester I had
the feeling that more students felt there were too many quizzes. However, I maintained
their frequency, because it looked like the students attended more classes, were
engaged in quizzes completion, practiced mathematics content, and achieved high
scores in their unit tests. Table 1 demonstrates that the Unit 2 , 3, and 4 tests had higher
average scores for the experimental group than for the control group, even though these
students entered the class with lower Unit 1 tests than the previous year’s students.
The content of the majority of quizzes for the experimental group reflected
the concepts taught a day or two before the quizzes. My observation was that these
types of quizzes worked very well in the short-run, for the unit tests, as reported by
increased scores on the unit tests. The quizzes became cumulative only in the second
part of the last unit taught. I observed a struggle of the students related to solving
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procedures during those quizzes. In the long-run, students did not retain mathematics
concepts very well. Compared to the unit tests marks, the final exam marks did not
increased, as indicated in Table 1.
In the second half of the course, the time during the class hour dedicated to
writing quizzes was altered.

The quizzes were given initially at the beginning of the

class time. Some students came to class just to write them then they left. If there was
not a quiz that day, some students left after the first few minutes of the class time. That
made me to switch some quizzes from the beginning of the class to the end of the class
time - to encourage all students to attend the whole class time. That kept the students
in class for the whole period, which was verified by my attendance marking sheets that I
gave students towards the end of the class for self-marking.
Students’ cooperation developed well for the experimental group. Not only did
the strong students help the others during quizzes, but also during class time as well
when some students did not understand parts of exercises from the board, and after the
class time during breaks to strengthen some concepts.
My support and help during quizzes was solicited not only by the weaker
students, but by the stronger students as well to certify their solving procedures.
Moreover, while assisting some groups, I observed that neighboring groups were
involved in discussions as well.
In addition, students’ use of their class notes during quizzes affected students
interest to take complete class notes: the students used class examples in solving the
quizzes. Sometimes students mentioned that they wrote everything on the paper, but

s

i
I
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certain exercises from quizzes were different than the ones done in class - probably
that was why a few students referred to the quizzes as being “challenging”.

Data Discussion

This section discusses the results of the pilot study related to students’
mathematics achievement and class engagement in connection to the corresponding
literature and my own observations. Conclusions are also drawn.

Summary o f Findings
Numerical data collected from both groups of students, control and
experimental, comprised students’ marks for an initial unit test, a final exam, and three
units (2, 3, and 4) tests.
First of all, the students in the experimental group scored 6.1% lower in the
initial unit test than the students in the control group, therefore indicating a weaker
mathematical starting point for them. Past research informs that one important factor
that greatly affects student learning and increases student achievement is an effective
assessment strategy where students’ work is graded (George, 2010; Shirvani, 2009).
The positive effects of daily assessment in the form of short quizzes on final exam
scores of mathematics students were presented in a few studies (Klionsky, 2008;
Marcell, 2008; Peterson & Siadat, 2009; Shirvani, 2009).
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This study reports that frequent quizzes applied to the students in the
experimental group improved their scores for all three unit tests (2, 3, and 4). This
finding is in line with the research conducted by Kika, McLaughlin, and Dixon (1992),
Dinnen, Taylor, and Stephens (1989), and George (2010) that reports that frequent
quizzes have positive effects on the academic performance of students in general and
low achieving students in particular.
However, the analysis of the final exam marks of all students indicates mixed
results (see Table 1). The final exam scores’ average was lower for the experimental
group (64.2%) than the one for the control group (67.7%), for a difference of 3.5%.
When reported to the difference of means for initial test scores, the final exam scores for
the experimental group seem relatively higher than the ones for the control group (2 .6 %
relatively higher).
The analysis of the final exams scores of similar students (with identical initial
test scores) indicates that the average of final exam scores was higher for the students
in the experimental group (67.44%) than the one for the students in the control group
(65.84%) for a difference of 1.6 % (see Table 3).
Overall, the study reports an increase in all the unit tests scores and in the
final exam scores of the students in the experimental group compared to the scores of
the students in the control group.
Research shows that frequent testing decreases students’ test anxiety
(Marcell, 2008; Shirvani, 2009). Also, peer support, sharing, and collaboration broaden
student chances to learn and practice concepts, and motivate students to focus and
perform well in graded quizzes (Kasturiarachi, 2004; Kramarski & Mevarech, 2003).
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Moreover, cooperation among members of a group during testing increases students’
self esteem and motivation to work harder (Russo & Warren, 1999; Breedlove et al.
(2004); & Zimbardo et al. (2003)). Brewer et al. (2003) report that students with high
affinity for group work benefit from cooperation with their peers. Collaborative learning
increases these students’ attitude,

confidence,

continuous motivation to learn,

enjoyment, and belief in their ability to learn.
Considering both the frequency of testing and the cooperation during testing,
students’ survey indicated an overall positive feedback about the role of frequent
cooperative quizzes in their mathematics performance. The Likert scale showed an
overall 3.9/5 rating for the importance of frequent and cooperative quizzes on students’
performance in the course (see Table 7). Moreover, the content analysis of the survey
revealed the outcomes that students perceived as positive for their own learning:
content understanding, practice and review, cooperation, and grading of quizzes.
Related to students’ engagement, motivation, and study habits, some
studies report increased test results when students have peer and teacher support in
their learning. Smith et al. (2005) argue that interaction among students and interaction
between faculty and students are the two environmental factors that are the most
predictive of positive changes in college students’ academic and personal development.
Students learn if they are actively engaged in their learning, and cooperative group work
contributes to student engagement by creating learning communities (Alkeaid, 2007;
Astin, 1999; Gadanidis, 1994; Panasuk & Sullivan, 1998; Sezer, 2010; Siadat et al.,
2008; Zipp, 2007). Moreover, Peterson & Siadat (2009) argue that frequent testing
improves students’ regular study habits.
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Other studies indicate that cooperative group work may reinforce wrong and/or
passive attitudes. Zipp (2007) mentions students who rely on their group peers to do
their work. Kotsopoulos (2007) refers to “productive positioning” to define the state in
which some students do not participate in meaningful discourses in their groups, are not
challenged by their peers, and their passivity is accepted by the other members of the
group (p.217). Kotsopoulos (2007) indicates that students do not feel that their opinion
matters and they did not participate in group discussions, or they were “excluded from
discourse” (p.226). Kramarski & Mevarech (2003) warn that students with poor
communication skills are less likely to benefit from cooperative learning.
My observations about students’ engagement and attitudes are mixed.
Watching students working together during the frequent quizzes gave me the
impression that this helped both: the strong and the weak students. The strong students
explained the “what” and “how” to the others in their small groups and also checked
what the other students did wrong in their exercises. The weaker students asked
questions, tried exercises, and asked questions again. They were engaged. The “a-ha"
moments were regularly seen.
However, during class practice that was not for marking purposes, a good
number of students from the experimental group did not work through the exercises
written on the board for their own class practice but waited for me to write the solutions
on board. I remarked that only when they were motivated to write the same kind of
information during quizzes did they engage in solving the exercises. I can say that the
students did not change their habits - they did not bother to try by themselves or in pairs
when it was not for a mark. It looks like the mark was the motivating criterion for
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students’ work in class and for their attending the class time as well (from the
observations given above).

Unit Tests Scores
I stated that the treatment applied to the experimental group consisted of
frequent cooperative quizzes. At the beginning of each unit, quizzes’ content was about
the current concepts taught, then the content evolved to cumulative quizzes toward
each unit test. The practice of cumulative quizzes and their positive influence on
students’ performance in tests are supported by research (Peterson & Siadat, 2009;
Siadat, Musial, & Sagher, 2008; George, 2010; Shirvani, 2009).
For this study, data analysis reports that students in the experimental group
had a lower starting point (6.1% lower), as represented by the Unit 1 test marks, than
the control group. However, the students in the experimental group scored higher in
their three unit tests than in their initial unit test. The Unit 2 test score was 5% higher
than the initial unit test (72%). The Unit 3 test score was 13.2% higher, and the Unit 4
test score was 6.2% higher than the initial test score (see Table 1).
Moreover, all three unit tests showed higher average scores for the students
in the experimental group than for the ones in the control group. For Unit 3 test the
difference was a full letter grade higher (10.9%) than the students’ scores in the control
group. For the other unit tests (2 and 4), the difference was only 3% and 1.9% higher
respectively (see Table 1).
For similar students, all unit tests’ scores were higher for the experimental
group students than for the control group ones. For Unit 3 test the difference was 11.4%
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higher - more than a letter grade - for the experimental group than the control group.
For Unit 2 and Unit 4 tests the differences were 7.7% and 6.7% higher respectively more than a half letter grade - for the experimental group students (see Table 5).
Educational literature shows the positive effect of frequent practice and testing
on students’ testing scores (Klionsky, 2008; Marcell, 2008; Dineen, Taylor, & Stephens,
1989; Shirvani, 2009). Shirvani (2009) indicates that students better monitor their
weaknesses and strengths if they are frequently tested.
Besides frequent testing, another ingredient predictive of better test scores is
the use of cumulative quizzes. Siadat, Musial and Sagher (2008) indicate that
cumulative testing “inculcates habits of constant review of previous.jnaterial” (p.338).
Peterson and Siadat (2009) report that the “technique of cumulative assessment in all
[...] quizzes and tests” results in improvements in students’ performance on the final
exam (p.95).

Final Exam Scores
Data analysis indicates that the Final exam scores were lower for the
experimental group than for the control group students (3.5% lower). However, the
students in the experimental group had a lower starting point (6 . 1 % lower) as indicated
by their scores in the initial unit test. Consequently, the final exam scores for the
experimental group seem relatively higher than the ones for the control group (2 .6 %
relatively higher). Moreover, the study indicates a modest increase (1.6%) in the Final
exam scores of similar students (with identical initial test scores) who were applied
frequent quizzes for the duration of the mathematics course.

71

Considering the literature review presented above for unit tests, the same two
points affect final exam’s scores: frequency of practice through quizzing and the
cumulative nature of quizzes. The study’s results point to a modest increase in students’
final exam marks in the experimental group. The frequent quizzes offered almost daily
practice of the students with mathematics concepts (Klionsky, 2008; Marcell, 2008;
Peterson & Siadat, 2009; Shirvani,2009). However, the quizzes were not cumulative for
the whole duration of the mathematics course. The last few quizzes during the last unit
of teaching cumulated content from all course concepts. It seems that it was not enough
practice with past concepts for students, so that they retain concepts and procedures in
their long-term memory (Shirvani, 2009). Future application of frequent cooperative
quizzes should consider making all quizzes cumulative, so that students practice all
course content on a regular basis.

Final Marks
\

Overall, in the mathematics course the final total marks’ average for the
experimental group was similar to the one for the control group (only

. % lower) (see

0 2

Table 1).
For the similar students, the average final mark increased by 4.1% for the
experimental group students compared to the control group ones (see Table 5). It needs
to be specified here that quizzes weigh

2 0

% of the final total mark, and the average

score for the quizzes was only 2.7% higher for the experimental group than for the
control group, which represents an added percentage difference of only 0.54% to the
final total marks.
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Pedagogical Method
Theories about how students learn and past research demonstrate that the
application of cooperative quizzes has positives outcomes on students’ achievement in
most cases.
Vygotsky’s (1978) theory about social -

constructivism emphasizes the

importance of social interaction between students in the process of learning. Kurt Lewin’
cooperative learning theory similarly states that “learning occurs when two or more
students work together to learn the same subject matter” (Sherman, Schmuck &
Schmuck, 2004, p.192). Alexander Astin’s involvement theory (1999) also finds direct
relationships between students’ frequent interaction with peers and faculty and students’
motivation to do well in classes.
Also, research encourages the use of frequent tests or quizzes in increasing
students’ achievement, involvement, engagement, and motivation to learn the material
(Klionsky, 2008; Marceli, 2008; Peterson & Siadat, 2009; Shirvani,2009). Shirvani
(2009) considers frequent testing as an important ingredient for learning mastery.
This study reports positive effects of frequent cooperative testing on students’
performance in unit tests and in the final exam. The small relative increase in students’
final exam scores compared to the notable increase in students’ unit tests marks raises
the point of making all quizzes cumulative.
However, there are a few shortcomings of the teaching practices that emerge
from this study.
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Students’ class engagement
The study indicated that students’ engagement was only externally motivated.
Students did not become “better students” or changed their classroom habits
significantly. The students were engaged In their learning when working through the
quizzes, but they were not motivated to work through other class work If it was not
graded. The mark was the motivating criterion for students’ work in class, as reflected In
students’ survey results as well. Research also observes that students work only “if It
was assessed work” (Younger & Warrington, 1999, p.234). George (2010) and Noland
(2005) note that students do not practice or complete recommended homework If It is
not graded.
Students’ attendance
From my observations, attendance sheets, and the percentage of students
writing most quizzes the study revealed that students’ attendance Improved. Changing
quizzes times from the beginning of the class to the end of the class, the frequency of
quizzes, and the fact that every day could have been a quiz day encouraged the
students to attend classes.
However, for one of the class sections from the experimental group, we did
not have any quizzing on Wednesday classes because of the limited capacity of the
classroom.

The attendance dropped to a little more than half of the class every

Wednesday.
The Implementation of the frequent quizzes demonstrated a good attendance
of students. Table

6

reports that

6 6

% of the students wrote between 75% -100% of the
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quizzes, which means between 17 -

2 2

quizzes, and another 26% of the students wrote

between 50% - 75% of the quizzes, which represents between 1 1 —16 quizzes.
Another shortcoming of the teaching practices was allowing students to take
the quiz they missed during the next class time. Students’ surveys indicated that
students saw this as detrimental for students’ attendance and not fair for the students
who attended classes on a daily basis.
Another important point to mention

is the

limited

implementation

of

cooperation during class time. Zipp (2007) observes that most teachers who apply
cooperative learning in their classrooms consider the group work only for class work
and/or home work, but rarely do they consider it for testing. In literature, cooperative
testing is considered an alternative testing method (Zipp, 2007). In my case, the course
is mostly delivered, using a lecture format with examples and some class work, and only
quizzes were using the collaborative format. This limited implementation of collaboration
among students in every aspect of their learning might affect how students work
together and help each other learn. A more expanded use of cooperation in students’
mathematics classes might improve students’ learning and engagement in their own
learning.
Zipp (2007) believes that tests by themselves have a pedagogical role in
student’s learning. Teaching strategies based on cooperative group work affect
positively students learning and attitudes (Breedlove et al., 2004; Zimbardo et al., 2003).
Gadanidis (1994) argues in favor of “a community of scholars”, where activities given to
students in groups encourage their communication when they explain and justify their
understanding (p.94). Students share their ideas, learn from each other, and help each
other. Also, Windschitl (2002) supports students’ discourse and teacher being a co
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learner in class. Smith et al. (2005) emphasize that students learn more when they are
more involved in the educational process.

Peer communication and collaboration

increase student chances to learn and practice concepts.

Course Completion Rates
Regarding students’ completion rates, a few things need to be mentioned here
about each of the two groups.
The Control Group
The control group started with 150 students in September.2009. From them,
26 students withdrew from the course/program by midterm. From these, only 7 students
wrote the first 2 unit tests - with failing grades - and the others (19 students) withdrew
after Unit 1 Test or before it. Only 82.67% of the students continued their program for
this group.
From the 124 students left after midterm, only 85 students wrote both: the
Unit 1 Test and the final exam (68.55%), so only they were considered in my study for
the purpose of comparing initial marks with final exam marks. That means 85 students
wrote the final exam from 150 that started the course/program (56.67%). In fact, 90
students passed the course (10 students did not write Unit 1 Test or the Final exam, so
they weren’t considered in data analysis, and 5 students from the 85 of the study
received an F for their final total mark). This makes for a completion rate of 60% of
students who completed the mathematics course from the vast majority that enrolled in
September 2009.
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Experimental group
There were 160 students who registered in September 2010 in the
experimental group. From them, 24 students withdrew from the course/program by
midterm. From these, only 3 students wrote the first 2 unit tests - 2 students with failing
grades - and some quizzes; the other 21 students withdrew after Unit 1 Test or before it.
Therefore, only 85% of the students were enrolled in their program after midterm.
From the 136 students left in the program, only 95 students wrote both the
first unit test and the final exam (69.85%), so only they were considered for this study.
That means 95 students wrote the final exam from 160 students who started the
course/program (59.38%). In fact, 97 students passed the course (7 students did not
write Unit 1 Test or the Final exam, so they weren’t considered in data analysis, and 5
students from the 95 of the study received an F for their final total mark). This makes for
a completion rate of 60.63% of students who completed the mathematics course in
September 2010.
This analysis shows a slightly greater completion rate for the experimental
group compared to the control group. The percent difference (0.63%) is very small, so it
can be considered that the treatment applied to the experimental group did not have any
influence on the completion rate of students in the course.
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Conclusion

This study aimed to explore the effects of frequent cooperative quizzes on
students’ mathematics achievement and class engagement.
The study found that frequent cooperative quizzes influenced positively
>

students’ unit tests scores. The analysis of data suggests a relative increase in students’
final exam marks and a relative increase in students’ final marks as well, considering
that the students in the experimental group had a starting point in the mathematics
course 6.1% lower than the initial test score of the students in the control group. For
similar students, with identical Unit 1 tests, the study showed a notable increase in
students’ unit tests and final marks, and a modest increase in students’ final exam
marks. The average score of students’ quizzes in the experimental group were only
2.7% higher than the average score for the quizzes in the control group, with a final
percent increase of 0.54% over students’ final marks.
By considering the effect of percentage of quizzes written on the final letter
grade of students in the experimental group, the analysis indicates that 58% of the
students in the experimental group completed more than a half of the quizzes and
received a letter grade A or B, while 4% of the students completed less than a half of the
quizzes and received a D or a Fail.
During the application of frequent cooperative quizzes, students in the
experimental group demonstrated mixed engagement. Students were engaged in their
learning only during the quizzes; they were motivated by the fact that quizzes
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represented 20% of their final mark. Students did not become “better students”; they did
not improve their learning habits during class work.
Related to attendance, the study reported positive results overall. The class
attendance improved from about a half of the students’ number in the first two-three
weeks of the school to more than three quarters for the duration of the course. However,
a change in quizzes’ time schedule was necessary beside the quizzes’ frequency, in
order to retain some students in class for the full class hour.
With regards to cooperative work during quizzes, students’ survey indicated
that

8 6

% of the participants perceived that their performance in mathematics would

have been worse if they did not have cooperative quizzes. Also, students’ answers in
the questionnaire revealed what they liked about the quizzes in general: ‘work with a
peer’, and what they liked about cooperative quizzes in particular: ‘we were allowed to
consult with peers and teacher’, ‘were able to work to other people to get their point of
view’. My observations comprised the same view: collaborative work during quizzes
supported students’ learning. However, as I mentioned before, there were a few
students who preferred to work individually during quizzes, and I accommodated their
choice and learning style. My help and support during quizzes was also requested, and
my perceptions were that they helped a lot with scaffolding students’ learning.
Regarding students’ completion rates, the treatment applied to the experimental
group did not influence the completion rate of students in the course. However,
considering a weaker start for the experimental group, same completion percent implies
a relative increase of completion rate.
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Limitations of the Study

Overall, the study revealed a positive result of the frequent cooperative quizzes
over students’ achievement and engagement. This teaching strategy reveals promising
results in improving the math achievement, class engagement, and course completion
rates of college students enrolled in the technician program. However, there are a few
points presented below, that might limit drawing strong conclusions.
Firstly, this study represents my first exploration of the effects of frequent
cooperative

quizzes on college students’ mathematics achievement and class

engagement. Further analysis of data collected from more years of similar or improved
application of frequent cooperative quizzes to different groups of students will reveal
whether the positive results of this study are consistent.
Secondly, there are a few baseline differences between the two groups of
students, which make comparisons difficult. The students in the experimental group
were weaker mathematically than the students in the control group. Class attendance
for the experimental group students decreased after the first 3 weeks compared to the
one of the control group. Therefore, the two groups were very different.
In addition, the students from the two groups came from two different
school years: Fall 2009 and Fall 2010. Although the course set up and the instructional
process were maintained the same for the two groups, the outside-school environment
and society’s economic conditions might have changed from one year to the other.
However, there was not possible to have both groups in the same school year
(represented by two sections

01

and

0 2

of students), as the college computer program
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for recording student grades is set with the same features for both sections in a given
school year for a specific instructor, so it was unattainable to record four quizzes for
section

and twenty-two quizzes for section

01

0 2

.

Another limitation pertains to the survey. The questionnaire was administered
only to the experimental group, therefore, from the affective point of view, there is no
information about the control group students’ feelings and perceptions over the
individual unit quizzes.
Further, another limitation of this study relates to excluding students who did
not complete their final exam and/or the initial unit test from both groups (control and
experimental) from the investigation. The reasons for their missed tests and/or drop-out
could be related to the specific design (more quizzes, less quizzes), beside other
personal or academic reasons. However, for the purpose of this study, data could not
have been analysed and interpreted if the same number of scores was not available.
Another possible limitation of the study in regards to the outcomes of the
study is the combination between cooperative and individual work during quizzes. The
results of the study could have been influenced by offering the students the possibility to
work individually, when in fact the study explored the group work’s effect. However, the
jconsequence should not be notable, as there were very few students (4 out of 95
i
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students) who preferred independent work. Moreover, my overall purpose of this
teaching strategy was to increase and support student’s learning of mathematics
concepts in a way that fitted their learning styles best.
Although the instructor was the same for both groups (myself), and I
recognize myself as being an enthusiastic teacher, I need to wonder if the idea of doing
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a study with my experimental group students as part of my thesis altered my previous
year enthusiasm in any way.

Strengths of the Study

A very important strength of this study is that curriculum, course design,
marking scheme, and tests were kept the same for both groups. Also, the instructor of
the two groups was the same (myself) and employed the same teaching strategy of the
mathematics concepts and same exercise examples. The same Unit 1 test represented
the initial test given to both groups of students within the first three weeks of the school
and before any treatment was applied. It also represented a common point for
comparing final mark scores.
This study has the advantage of a large size of participants in the study (85
participants in the control group and 95 students in the experimental group), such that
the results of this study could offer promising information about the relation between the
two variables of the study. The student sample was already available, had similar age
and gender patterns, and represented first year student population enrolled in the same
technician program.
The positive results of this study bn students’ achievement will hopefully
influence other teacher - researchers to conduct similar exploratory studies about
frequent or daily cooperative quizzes in their mathematics classes, so that the results of
these studies can be generalized, and even applied to other subject classes.
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Next Steps
This study has its strengths and weaknesses as shown above. I believe that a
few of the points below can be considered next steps for this study, as they expand
and/or change some elements of this teaching strategy - frequent cooperative quizzes which might offer improved results on the outcomes of this study in the future years.

Pedagogical Method

1

.

Students make up their own quizzes by proposing sets of exercises that the
teacher picks from and students are tested from. This strategy might increase
students’ ownership on their own learning.

2.

The teacher gives immediate feedback to the quizzes by showing full
solutions on the board and giving full explanations just after the quizzes are
collected, instead of posting the answer keys a day later. This might increase
students’ understanding of the concepts and students’ learning.

3.

The instructor makes all quizzes cumulative of all content taught by the day of
the quiz. This factor might result in better final exam marks.

4.

The instructor does not allow taking a missed quiz the next day. This might
improve every day attendance even more.

5.

The instructor makes up heterogeneous groups, instead of letting the students
self nominate themselves for the groups. This would make all the students work
in groups and it would eliminate the independent work during quizzes. In addition,
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a mixture of students’ ability in groups could give the students better chances to
help each other.

6

.

The instructor changes the quizzes into Quiz/Worksheet style given every
single day, then considers/picks up only some of them for marking. This might
substitute the exercises given on the board for students’ own practice and might
increase students’ motivation to try solving them when they could be considered
for marks.

7.

The instructor implements cooperative learning in everyday teaching as well.
The use of class group work, group projects, and other cooperative strategies
might improve cooperation among students, and create better peer support, so
that cooperation during testing improves as well.

Future Research
This study represents the first exploration of the possible effects of frequent
cooperative quizzes on college students’ mathematics achievement and class
engagement. I plan to continue this research in my future years at the college and
implement the above changes in my course teaching.
Moreover, a few more years (3 - 4 years) of data collection will represent a
greater base for drawing conclusions about the effects of frequent cooperative quizzes
on college students’ achievement and engagement. This will represent additional
opportunities to test the effectiveness of this method of teaching described in the study.
A statistical analysis will also be employed when more data is available.
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Appendix

1 . Q u iz # 3 fro m U n it 4 c o n te n t a d m in is te r e d to s tu d e n ts in th e c o n tro l g ro u p .

MATH 1160

NAME:
QUIZ # 3

COMPLEX NUMBERS. RECTANGULAR AND POLAR FORMS

/29

A. Simplify and express the following expressions in terms of j:

(2 marks each)

1. V-25
4.
2.

«13

3

,
3. (V = 6 f

5. 2 y p 2 + 3 f

B. Find x and y if the following two complex numbers are equal:
1.

9

j - j

jc+ 2 - 3 j

= 6 + 6yj

C. Find the conjugate of each complex number:

(2 marks each)

2. - 2 + 3 x - 2 j = 6 + j + yj
(1 mark each)

1. 3 + 2 j
2. —5j
3. - 9 - j
D. Perform the indicated operations, expressing all answers in the rectangular form:
1. ( 2 - 3 ; ) + ( —2 + j )
2. (9 + 2 ; ) - ( 6 - 3 y )
3. 2 j ( 2 - 3 j)
4. ( l + 2y)(3—3y)
•

3
j
5. — —
1+ 2 ;

(2 marks each)

6

+2j
3 -2 j
1

Fact Sheet:
v = r =7
/= j
f= -

1

/= -

j

/= i
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experimental group.

MATH 1160

NAME:

- __________________________

Q U IZ # 11
Simplify:

/9

1. -V -4 9 =

/1

3. 2>/^3 •a/-1 5 =

/2

Expand:

4. (2 jc—1)(jc+3) =

MATH 1160

•

NAME:

/2

__________________________
/9
QUIZ # 1 3

1. Simplify:

%/-25xV^4 =

2. Represent the complex number graphically and calculate its polar form:

/1
-8 -1 5 j

12

^.Represent the complex number graphically and calculate its rectangular form: 60Z1500

/2

4. Multiply: (3Z130)x(6Z25)

/2

4Z90°
—
5Z(-25°)

/2

5. Divide:
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Appendix

3 . U n it 1 t e s t (v e r s io n 1 ) a d m in is te r e d to s tu d e n ts in b o th th e c o n tro l a n d

e x p e r im e n t a l g r o u p s .

NAME

M A T H -1 1 6 0 -0 1

UNIT 1 TEST

1. No Calculator
2. Show your work. Answers without solutions will not be scored.

/42

3. You have 50 min.

A. Operations with Signed Numbers

Evaluate the following expressions:
1) 3 6 -(-1 6 + 4)+ 2 =

/1

2) -3 2

/1

3) [( - 8 ) 2 - 32 x 23 + (-6 X -2 )] - (5 - 32)

12

12
[3 + ( - 4 ) ]

B. Fractions

Add or Subtract as indicated. Reduce all answers to lowest terms

1) 6 + —

/1

3
12

12

94

5=

4) 4

,1

5) 2

¡2

~

6

'o'3

1— + 3— =
8
4

12

C. Multiply or Divide as indicated. Reduce all answers to lowest terms.

1)
2

)

7

3x— =

h

15

10

+- =
6

/1

2 7
3) 2—X l—=

/2

4) 3i . l i =

12

3

3

8

9

( 1

7^
3n (A
1 -X l2—
8j
l 4 "8; l 3

13

D. Percent
Solve the following percent problems
1) What is 4/5 % of 500?

12

2) What percent of 25 is 5?

12

3) 30% of what number is 60?

¡2

E. Equations

{
{
i

\
!
|

j
i{
{.

f

!

Solve for the variable:
1) x + 6 = 0, fo rx

/1

.

2) 3 x-1 5 = 6x,
'■ 3)

forx

/1

4) 4 ( x - l) = 8 + x ,
‘' ’ '
............

forx

/1

x 2 x -l
.
5) —+ - - - - - - = 4,

,
forx

/2

6) 5 = — —- ,

for x

2

6

12

2x

F. Rearranging Formulas

Rearrange the following formulas for the specified variable. Leave your answer in
simplified form:
1. A = /x w ,
forw
71
2. F = - C + 32 ,fo rC
53

/2

3. P = - ^ — ,
l + rt

12

fort

V
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Appendix

4 . F in a l e x a m

(v e r s io n 1 ) a d m in is te r e d to s tu d e n ts in b o th th e c o n tro l a n d

e x p e r im e n t a l g r o u p s .

Math 1160 Final Exam - 01

Name:
/75

You have 110 minutes. Fact sheet provided.
Scientific Galculator allowed (no graphing or programmable calculators).
Write all answers on the test question paper in the space provided.

A. Exponents:

Simplify fully all expressions below. Remove brackets using the appropriate rules for
exponents. Report all answers using positive exponents only.
1 . - 3 p °=

2

-2 jcV

...
-2

\-1

3. (9.x3/ ) 2 _

I

4

/1

/2

12

2

x 4x 3
-1

12

B. Algebraic Operations

Perform the indicated operation and simplify your answers.
1. Remove brackets and combine like terms:
(4 *2/ -5 x y 3) - ( 3 x 2y3+2xy3)=
2. Factor completely:
a) 4 *2/ - Ixy* + 8xy5 =

b) 4xz —4 x + l =

12

/2

12

97

3. Simplify /Multiply:
2 x - l 2x2- 5 x - 3
------- x -------=------- =
2x
. 4x -1

13

4. Add the following fractions:
x —1 Ax

C. Right Triangles.

Solve the given right triangle. Round answers to 2 decimal places.

/3

b = 6.20
D. Trigonom etric Equations

Solve the following trigonometric equation for two angles of 0 , where 0 ° < 0 < 360°.
State the angle a and the two quadrants where the solution angles are located.
Round all angle values to 2 Decimals Places.
3 + tan 0 = 2 - (tan 0 + 4)

!A

E. Angle Conversions.

Convert the following angle measurements. Round your answers with 2 decimal places.

a) 125° into radians

/1

b) 4.567 rad into degrees

/1

F. Operations with Complex Numbers in Rectangular Form

1. Simplify the following, using “j” notation:
-f8 1 =

/1

2. Remove the brackets and simplify:

( 2 - 3 ;) ( 4 + ; ) =

/2

3. Perform the Division in Rectangular Form. Round your answers to two decimal
places.

—
3+ 4 j

/3

G. Com plex Number Conversions

1. Convert the following rectangular complex number into polar form. Show your work.
-4 + 3;

12

2. Convert the following polar complex number into rectangular form. Show your work.
3.40 Z 220°

¡2

H. Operations with Complex Numbers in Polar Form

Perform the indicated operation and report your answers in polar form:

I.

1. (32 Z 76°)—(85 Z 174°) =

/4

2.

12

(5 6 Z 6 5 °)(3 .5 Z 4 6 °)= :

Radicals

1..Evaluate (without a calculator). Show your work:
_2
27 3

/2

2..Simplify as much as possible. Leave your answer in radical form:

^64xsy2

/2

3.. Add or subtract the following terms. Simplify each radical first as much as possible.
Show your work. Leave your answer in radical form:
2V48-4V45+3V27
13
4.. Multiply or divide the following. Rationalize the denominators, where possible:
2

V 2 7 X \/l2
J2

3V7+2V5 _
b)

^
/3

J .Exponential & Logarithmic Functions

1..Express the given equation in logarithmic form:

/2

T 2= —
49
2.. Express the given equation in exponential form:

3..

/2

Using the properties of logarithms, fully expand the following logarithms. Some

logarithms may be determined exactly:
.
2x
log5—
a) ..
y
b)

. ' lo g ‘ 4 8

12
72

4.. Express each as the logarithm of a single quantity:
a) log3 5-21og 3 x+log3Z

' b)..

logh ^ ~ log;, 16 + 2 logft 3
2

/2

/2
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5..Find the logarithms of the following numbers. Round off to 2 decimal places:

/2

log 52.6 =
in 3.25 =
K. Equations

1. Solve the following exponential equations any way you wish:
a) 3 ' " 3 = 81

/2

b) 52* = 4000

/3

2. Solve the following logarithmic equation:
21og2 ( x - 3 ) = l

/3

Fact Sheet
Rules of exponents:

1. Multiplication rule:

2. Division rule:

3. Power rule:

amXan= a m+n
m
— = am~n (m > n )
an
1 •
am
1
.
— = ------ un < n)
a
a
{a ) = a

4. Zero exponent rule: a° = 1
5. Negative exponent rule:

a n = — , and —r = an
an
a

Formulas for Factoring:

1) a( x+y) = ax+ay

=Distributive Law

101

2) ( x + j) ( x - ^ ) = x2- y 2 =Difference of Squares
3) { x + y ) 2 = x 2+ 2xy + y2

=Square of a Sum

4) { x - y ) 2 = x 2- 2xy + y2 =Square of a Difference
A = b2- 4 a c
Quadratic Formula:
a:

Trigonometry:

-6 ±Va
= ----------2a

SOHCAHTOA

Radians: 180° = tt
1 rev = 2tt
Let:

0 = central angle in radians

s = arc length, s = 0 x r

r = radius

A sector

co = angular velocity in rad/time

— 0X
v = co x r

Conversions:

x + yj = r Z 6 ° =r (cos0° + jsin0°)

r = *Jx2 + y 2
tan 0 = —

x

, 360°

102

J Operator:

VR
R

J

z

= J

„
0 =

r= i

r

VRLC
Z

vL _ vc

XL
2 +(x

Xc
l

-

x

cY

Ax , - x c

tan — ------ -R

Operations with Complex numbers in polar form:

riZ 9 l xr2ZQ2 = rl xr2Zd1+02
r2z e 2

r.

Properties of radicals:

m

=xn

ufa-ojb = yja-b

Properties of Logarithms:

Logarithm of a product:

log*xy = log6x+ lo g6y

Logarithm of a quotient:

log.

= \ogbx ~\ogby
^7

Logarithm of a power:

logb(.x") = nlog6j!;’

Other rules:

logb1= 0, logb6 = 1, and logft bn = n

X L = 2 itfL
x c = — !—
2 7tfC

Appendix 5. Student surveys administered before the final exam on the last day of the
Fall 201Ô semester (experimental group).

Student Questionnaire

Please answer the following questions. Please circle your response for questions
1-3.
1. How do you feel you would have performed in this class if you didn’t have the
frequent quizzes? (performance)
Much better

Slightly better

The same

Worse

Much worse

2. How do you feel you would have performed in the quizzes if you did not have
peer and teacher support? (cooperation)
Much better

Slightly better

The same

Worse

Much worse

3. What percentage of the total number of quizzes did you take? (completion)
0% to 25%

25% to 50%

50% to 75%

75% to 100%

4. What did you like best about the quizzes? (one or two things, please)

5. What did you like least about the quizzes? (one or two things, please)

6. Write any other comments about the role of quizzes in your learning.

Appendix 6. Letter of Information read to the students in the experimental groups by a
third party and distributed to students.

Effects of Frequent Cooperative Quizzes on the Achievement of
First Year College Students Enrolled in a Mathematics Course
Uducation
LETTER OF INFORMATION

Introduction
My name is Liliana Simion and I am a graduate student at the Faculty of Education at
The University of Western Ontario. I am currently conducting research into the effects
that frequent math quizzes and student cooperation during the quizzes have on
students’ learning of math concepts, and I would like to invite you to participate in this
study.

Purpose of the study
The aim of this study is to better understand the effect of frequent collaborative quizzes.

If you agree to participate

■

If you agree to participate in this study, please complete the survey on the blue paper.
The survey will take less than 10 minutes to complete. The survey contains 6 questions:
The first two questions ask about your feelings about the importance of math quizzes
and your classmates’ support in your own learning in this class. Please circle one
answer from the five given.
The third question asks you to circle the percentage of quizzes you think you wrote
from the total number given.
The next two questions ask you to write what you liked best and what you liked least
about the quizzes that you took in class. You may write one or two things for each
question.
Finally, the last question invites you to write any other comments about the role of
quizzes in your learning.
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I will also use the class average grades on the class quizzes, unit tests, and final exam
as part of the research data. I will not use Individual names and grades In the data
analysis.

C o n fid e n tia lity

The Information collected will be used for research purposes only, and neither your
name nor information which could Identify you will be used in any publication or
presentation of the study results. All Information collected for the study will be kept
confidential.
After you answer the survey, please p la c e th e b lu e p a p e r (the survey) in th e bin in
front of the class. My colleague will collect them in an envelope, will seal the envelope,
and will not give them to me until your final marks for this class are submitted. I will not
be told who completed the surveys and who decided not to participate.

R isks & B e n e fits

There are no known risks to participating in this study.

V o lu n ta ry P a rtic ip a tio n

Participation in this survey is voluntary. You may refuse to participate, refuse to answer
any questions or withdraw from the survey at any time (with no effect on your academic
status). Completion and return of the questionnaire indicates your consent to participate
in this study.

Q u e s tio n s

If you have any questions about the conduct of this study or your rights as a research
participant you may contact the Manager, Office of Research Ethics, The University of
Western Ontario at 519-661 -3036 or ethics @uwo.ca. If you have any questions about
this study, please contact me (Uliana Simion) by phone at
or by e-mail at
or contact my faculty advisor, George Gadanidis at
-or by e-mail at
This letter is yours to keep for future
reference.
Thank you!

